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'To my Learned Friend 


Mr. JOHN EAMES, 


Fellow of the RovY Al. SocigTyY. 


| Dear ST R, 


= would be mere trifling to ſay 
any thing to you of the Excel- 
lency and great Advantage of 


5 thoſe Sciences, whoſe firſt Rudiments 


I have here drawn up. Your large 
Acqua intance with theſe Matters hath 

given you a juſtReliſh of the Pleaſure 

of them, and well informed you of 
their ſolid Uſe. But, perhaps, it is 
neceſſary to excuſe my ſelt to the 
World, if I publiſh ſome of the Fruits, 


of my da Studies on ſuch Subjects 
as theſe. I would therefore willingly 
have the unlearned Part of Mankind 
appriz d of the Neceſſity and general 
Uſe of this ſort of Learning; and 
— —— that 
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that not only to Civil, but to Ln 
Purpoſes. 


It you, Sir, would pleaſe to take 


upon you this Service, you would 
make it appear with rich Advantage 
how far the Knowledge of things Hu- 
man and Divine is influenced and 
improved by theſe Studies. 


You can tell the World, that 'tis 


the Knowledge of this Globe of Earth 

on which we tread, and of thoſe Hea- 
venly Bodies which ſeem to roll around 

us, that hath been wrought up into 


theſe two kindred Sciences, Geography 


and Aſtronomy. And there 1s not a 
Son or Daughter of Adam but has 
ſome Concern in both of them, tho' 


they may not know it in a learned way. 
This Earth is given us for an Habi- 


tation: *Tis the Place of preſent Re- 


ſidence for all our Fellow-Mortals : 


Nor is it poſſible that there ſhould be 
any Commerce maintain'd with thoſe 


_ dwell at a Diſtance, without 


| ſome Acquaintance with the different 


Tracts of Land, and the Rivers or Seas 
that 


4 
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that diride the Regions of the Earth. 


The Heavenly Bodies, which are 
high over our Heads, meaſure out our 
Days and Years, our Life and I me, 


by their various Revolutions. Now | 
Life and Time are ſome of the deareſt 
things we have, and 'tis of important 
Concern to diſtinguiſh the Hours as 
they paſs away, that proper Seaſons 
may be choſen and adapted for e- 


very Buſineſs. | 
You know, Sir, that thoſe neceſ- 
ſary and uſeful Inſtruments, Cloc es, 


Watches and Dials, owe their Origin 
to the Obſervations of the Heavens 5 
The Computation of Months and 
Tears had been for ever impracticable 


without ſome careful Notice of the : 
various Situations and Appearances | 


of thoſe ſhining Worlds above us. 


| ſhall be told, perhaps, that theſe 
are not my ſpecial Province. Tis the | 


Knowledge of God, the Advancement 


of Religion, and Converſe with the 
Scriptures are the peculiar Studies 
which Providence has aſſigned me. I 

A333; 


(6). 
know it and I adore the Divine Fa- 
Your. But Lam free and zealous to 
declare, that, without commencing 
ſome Acquaintatice with theſe Ma- 
themarical Sciences, I could never ar- 
rive at ſo clear a Conception of many 

things delivered in the Scriptures; 
nor could | raiſe my Ideas of God the 

Creator to ſo high a Pitch : And Iam 
well aſſured that many of the ſacred 
Function will join with me and ſup- 

port this Aſſertion from their own 

Experience. S 

If we look down to the Earth," tis 
the Theatre on which all the grand 

Affairs recorded in the Bible have 

been tranſacted. How is it poſſible 
that we ſhould trace the Wandrings 
of Abraham that great Patriarch, and 
the various Toils and Travels of Ja- 
cob, and the Seed of Iſrael in ſucceſſive 

Ages, without ſome Geographical 

5 Knowledge of thoſe Countries? How 

can our Meditations follow the Bleſſed 

Apoſtles in their laborious Journies 

_thio' —— and A a, their Voyages, 


their 


(vi) 


their, Perils, their, Sbipwracks, and 


the Fatigues they endured for the ſake | 
of the Goſpe] ; unleſs we are in- 
ſtructed by Maps and Tables, wherein 
thoſe Regions are. as gn out in a 
narrow Compaſs, an exhibited in 
one View to the Eye? 
Ik we look upward with no, to 
the Worlds 157 bR we conſiler the 
Heavens as the Wk of the Fort of 
God, and the, Moon | an the Stars w/ hich 
be bath ordained. What amazing Glo- 
Ties diſcover themſelves to our Sight: ? 
What Wonders of Wiſdom are ſeen in 
the exact Regularity of their Revo- 
lutions? Nor was there ever any 
thing that has contributed to enlarge 
my Apprehenſions of the immenſe 
Power of God, the Magnificence of 
his Creation, and his own tranſcen- 
dent Grandeur, ſo much as that little 
Portion of Al which I have 
been able to attain. And 1 would 
not only recommend it to yours Stu- 
denis for the ſame Purpoſes, but | 
would perſuade all Mankind (if it 
A 4 were 
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were polidle) to gain ſome Degrees 


of Acquaintance with the Vaſtneſs, 
the Diſtances, and the Motions of 

the Planetary Worlds on the ſame 
Account. It gives an unknown En- 


largement to the Underſtanding, and 
affords a divine Entertainment to the 


Soul and its better Powers. With 
what Pleaſure and rich Profit would 
Men ſurvey thoſe aſtoniſhing Spaces 

in ͤ which the Planets revolve, the 

Hugeneſs of their Bulk, and the al- 
moſt incredible Swiftnefs of their Mo- 


tions? And yet all theſe governed and 
adjuſted by ſuch unerring Rules, that 


they never miſtake their Way, nor loſe 
a Minute of their Time, nor change 
their appointed Circuits in ſeveral 


thouſands of Years! When we muſe 


on theſe things we may loſe our 
ſelves in holy Wonder, and cry out 


with the Pſalmiſt, Lord, what is Man 
that thou art mindful of "bins: and the 


Sm of Man bat thou foul viſit 
bim Pf 


'T was 


(ix) 
Twas chiefly i in the younger part 
of my Life indeed that theſe Studies 
were my Entertainment; and being 
deſired both at that time, as well as 
ſince, upon ſome Occafions, to lead 
' ſome young Friends into the Know- 
ledge of the firſt Principles of Gecgra- 
phy and Aftronomy, I found no Trea- 
tiſe on thoſe Subjects written in ſo 
very plain and comprehenſive a man- 
ner as to anſwer my Wiſhes : Upon 
this Account I drew up the tollow- 


ing Papers, and ſet every thing in 


that Light in which it appeared moſt 
obvious and eaſy to me. 

I have joined the general Part of 
| theſe two Sciences together: What 
1 belongs particularly to each of them 
is caſt into diſtinct Sections. And I 
wiſh, Sir, you would preſent the 
World with the Special Part of Aſtrono- 


my drawn up for the Uſe of Learners 


in the moſt plain and eaſy Method to 
render this Work more complete. 


Moſt of the Authors, which I per- 
_ uſed in thoſe Days when wrote ma- 


421 


ny Parts of this Book, were of elder 


Date; And therefore the Calculations 


and Numbers which I borrow'd from 
their Aſtronomical Tables cannot be fo 


exact as thoſe with which ſome later 


Writers have furniſh'd us: For this 
Reaſon the Account of the Sun's 
Place in the Ecliptick, the Declination 
and Right Aſcenfion of the Sun and the 
Stars in ſome Parts of the Book, eſpe- 


cially in the Solution of ſome of the 


- Problems i in the 20% Section, ma 


Perhaps need a little Correction; 


tho' hope the Theorems will appear 
true in the Speculation, and the Pro- 


blems ſo regular and ſucceſsful in the 


Practice as is ſufficient for a Learner. 


However, to apply ſome Remedy to 
this inconvenience, there are added 


at the End of the Bock ſome later 
Tables, which are formed according 


to the celebrated Mr. Flamſted s Ob- 
ſervations, 


I have exbibited near forty 1 


1 to be practiſed on the Globe, 
and thirty five 1 more of various kinds, 


to 


(xi) 
to be performed by manual Operation | 
with the Aid of ſome Geometrical 


Practices. Theſe were very ſenfible 


Allurements to my younger Enqui- 
ries into theſe Subjects, and I hope 


1. they may attain the ſame Effect 


upon we of my Readers, © 
It was my Opinion that it would 

be a very delightful Way of learning 
the Dodrme and Uſes of the Sphere, 


to have them explain'd by a variety 


of Figures or Diagrams ; this is cer- 


tainly much wanting in moſt Au- 


thors that J have peruſed. I have 

therefore drawn thirty Figures with 
my own Hand, in order to render 

the Deſcription of 8 ting more 

intelligible. 

l have endeavoured to entertain 
younger Minds and entice them to 
theſe Studies, by all thoſe eaſy and 


35 agreeable Operations relating both 


to the Earth and the Heavens, which 
probably may tempt them on to the 
higher Speculations of the * 
Sir 


BE = 
Sir Iſaac Newton and his Followers on 
this Subject. 32. Dif He 
Let there ſhould be a due Limit 
ſet to theſe Inquiries too, according 
to the different Employments of Life 


to which we are called: For it is 


poſſible a Genius of active Curioſity 
may waſte too many Hours in the 
more abſtruſe Parts of theſe Subjects, 


which God and his Country de- 


mand to be apply d to the Studies of 
the Lam, Phyſck, or Divinity; to 
Merchandize or Mechanical Ope- 
%% 55 
If I had followed the Conduct of 
mere Inelination, perhaps I ſhould 
have laid out more of my ſerene 

Hours in Speculations which are ſo 
alluring: And then indeed I might 
have performed what I have here 
attempted in a manner more an- 
ſwerable to my Deſign, and left leſs 
for the Criticks to cenſure, and my 
Friends to forgive. But ſuch as it is, 
] put it intirely, Sir, into your Hands 
- to 


* 


Fm} 
to review and alter whatſoever you 
pleaſe, and make it anſwerable to 
that Idea which I have formed of 
your Skill. Then if you ſhall think 
fit to preſent it to the World, I 
rſuade my ſelf I ſhall not be utter- 
ly diſappointed 1n the Views I had in 


15 Pati theſe Papers together, many 


|  Sincerity, 


of which have lien by me in Silence : 
above twenty Years. 
Farewel, Dear Sir, and forgive 
the Trouble that you have partly 
devolv'd on your ſelf by the too fa- 
vourable Opinion you have conceived 
both of theſe Sheets and of the Writer 
of them, who takes a Pleaſure to 
tell the World that he is with great 


"IK 


Jour moſt, obedient Servant, 


7 heabalds in | 5 \ M py 5 
Hartfordſhire, I. WAT T 8. 
June. 11, | de ens 
| 1725. 
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TELL 


THINK, my ſelf obligd, in 
Juſtice to the ingenious Author as 


. well as the Publick, to aſſure 


them that the Alterations I have ven- 
turd to make in the Reviſal of this 
Mork are but few and ſmall. The 
ſame Perſpicuity of T bought and Eaſe 

of Expreſſion which diſtinguiſo his o- 
ther Works running through the whole 
f this, I don't queſtion but the World 


will meet with e Pleaſure and 


Satisfadlion in the Peruſal. 
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SECT. I. 


2 of the « Spheres or Globes of the Heaven = 


and Earth. 


ir RE is nothing g gives us a more 
ceaſy or ſpeedy Acquaintance with 
the Earth and the viſible Heavens 

than the Repreſentation of them 
on a Globe or Sphere; becauſe hereby we. 
have the m oſt natural Image of chem ſet 
before our Eyes. 

The Terreſtrial Globe repreſents the Earth 
with its ſeveral Lands, Seas, Rivers, Iſlands, 
Sc. The Celeſtial Sphere or Globe repreſents 
the Heavens and Stars. 
Several Points and Circles are either mark- 
ed or deſcribed on theſe Spheres or Globes, 
or are 3 by the Braſs and Wooden 

| Work 


3 The firſt Principles of Sec. I. 


Work about them, to exhibit the Places and 
the Motions of the Sun, Moon or Stars, the 
Situation of the ſeveral Parts of the Earth, 
together with the Relation that all theſe bear 
to each other. 55 
The Earthly Globe, with the Lines and 
Signs and Points that are uſually marked 
upon it, is ſufficient to inform the Reader 
of almoſt every thing that I ſhall mention 
here, even with Regard to the Heavens, the 
Sun and the Planets ; unleſs he has a Mind 
to be particularly acquainted with the fixed 
Stars, and the ſeveral Uſes of them; then 
indeed a Celeſtial Globe is moſt convenient = 
to be added to it. 
Note iIſt, Half the Globe is led" a He 
miſpbere; and thus the whole Globe or 
Sphere of the Heavens or of the Earth may 
be repreſented on a Flat or Plane in 7wo 
Hemiſpheres, as in the common Maps of 
the Earth, or in Draughts or Deſcriptions 
of the Heavens and Stars. 

Becauſe Globes are not alwgys at Hand, 
the ſeveral Points and „ with 
their Properties ſhall be ſo deſcribed in 
this Diſcourſe, as to lead the Reader into 
ſome general and imperfect Knowledge 
of theſe Things (as far as it may be done) 
by a Maß of the World (which is no— 
thing elſe but a Repreſentation of the Globe 
of Earth and Waters on two Flat or 

Plain 
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Plain Surfaces ;) or at leaſt I ſhall fo ex- 


hg theſe Matters, that a Map will aſſiſt 


him to keep them in Remembrance, if he 
has been firſt a little acquainted with the 


Globe it ſelf. 
Note 20, Though the lateſt and beſt A- 
Aronomers have found that the Sun is 


fixt in or near the Centre of our World, 


and that the Earth moves round its own 
Axis once in twenty four Hours with a Cir- 
cular Motion, and round the Sun once in 


a Year with a Pro greſive Motion; yet to 


make theſe things more eaſy and intelligible 
to thoſe that are unſkilful, we ſhall here 
ſuppoſe the Sun to move round the Earth 


both with a daily and yearly Motion, as it 
appears to our Senſes; (vzz.) daily going 
round the Earth, and yet every Day chan- 
ging its Place a little in the Heavens, till 
in a Year's Time it returns to the ſame Place 
again. 


SECT, Il. 
Of the greater Circles, 


HE Greater Circles are ſuch as divide 
the Globe into two equal Parts, and 


are theſe four; (viz the Horizon, the Me- 


ridian, the Equator, and the Ecliptick. 
J. The Horizon is a broad flat Circle, or 
ah Wooden Frame in which the Globe 
. ſtands. 


4 The firſt Principles of Sect. 2. 


ſtands. Its upper Edge divides the Globe into 


the upper and lower Halves or Hemiſpheres, 

and repreſents the Line or Circle which di- 
vides between the upper and the lower Parts 
of the Earth and Heavens, and which is 

called the Horizon. This Circle determines 
the Riſing or Setting of Sun or Stars, and 
diſtinguiſhes Day and Night. 


When the Sun is in the Faſt Part of the 


Horizon, tis Riſing: When in the Weſt. 
Part, 'tis Setting. When tis above the Ho- 
_ 7120n, tis Day: When below, tis Night. 


Yer till the Sun be 18 Degrees below the 


Horizon it is uſually called Twi- light; be- 
cauſe the Sun- Beams ſhooting upward are 


reflected down to us by the Atmoſphere af- 


ter Sun- ſet or before Sun-riſe : And tis up- 
on this Account that in our Horizon at Lon- 
don there is no perfect Night in the very 
middle of Summer for two Months toge- 
ther, becauſe the Sun is not 18 * be- 


low the Horizon. 


The Horigon is diſtinguiſhed into the 


1 Senſible and the Rational, See Fig. 1. 


The Ser/ible Horizon ſuppoles the Specta- 
tor placed on s the Surface of the Earth or 


Water, and it reaches as far as the Eye can 
fee. Rar the Rational or True Horizon 


ſuppoſes the Spectator placed in the Cen- 
tre of the Earth c, and thus divides the 


Globes both of the Heavens and the Earth 


into Halves. "0p" 


| Set. 2. Geography and Aſtronomy. 5 
Suppoſe in Figure 1. the Circle 3d p e is 
the Earth, 26 hu rg the Heavens, b 5g the 
Line making the Senſible Horizon, hr the 
Rational Horizon. f 
The Senſible Horizon on the Earth or 
Sea includes 4 9, and it reaches but a very 
few Miles; for if a Man of fix Foot high 
ſtood upon alargePlain or on the Surface of 
the Sea, at s, he could not ſee the Sea it ſelf, 
or the Land, further than three Miles round. 
Thus it appears that the Sen/ible Horizon 
on the Earth or Sea @ 50 differs very much 
from the extent of the Real or Rational 
Horizon dae. But as to the Heavens 
where the fixt Stars are, the Senſible Hori- 
Lon bug ſcarce differs at all from the Ra- 
tional Horizon Hur: For the Eye placed 
in the Centre of the Earth c, or on the Sur- 
face of it 5s, would find no evident Diffe- 
rence in the Horizon of the fixt Stars, be- 
cauſe they are at ſo immenſe a Diſtance, 
that in compariſon thereof half the Dia- 
meter of the Earth, that is sc or gr the 
Diſtance between the Surface and the Cen- 
tre is of no Conſideration, 
But let it be obſerved here, that the 
Planets are much nearer to the Earth than 
the Fixt Stars are: And therefore half the 


Diameter of the Earth, i. e. 5c or g y is ot 


ſome Conſideration in the Horizon of the 
Planets, 


B2 It 
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It may not therefore be improper to note 


in this Place, that ſuppoſe a Planet to be 


at g, if the Eye of the Spectator were on 
the Surface of the Earth at s, he would be- 


hold it as level with the Horizon > But if 
his Eye were at the Center of the Earth or 
c, he would behold it raiſed ſeveral De- 


grees or Minutes above the Horizon, even 


the Quantity of the Angle g c 7, or (which 
is all one) Sg c. 


Now the Difference between the Place 


where a Planet appears to a Spectator plac'd 
on the Centre of the Earth, and to a Specta- 
tor plac'd on the Surface, is called the Pa- 
rallax of that Planet at that time; and 
therefore the Difference between thoſe two 
Places g and 7, or rather the Quantity of 
the Angle ger, or 5g c, is called its Hori- 
' zontal Parallax. And this is of great uſe. 


to adjuſt the real Diſtances, and conſequent- 


ly the real Magnitudes of the ſeveral Pla- 


nets. But this Doctrine of Parallaxes be- 


longs rather to the ſecond or ſpecial Part of 
Aſtronomy. 


II. The Meridian is a a great Brazen Cir- 
cle in which the Globe moves ; it croſſes 
the Horizon at right Angles, and divides 


the Globe into the Eaſtern and Weſtern 
Hemiſpheres. It repreſents that Line or 


Circle in the Heaven which paſles juſt 


over our Head, and cutting che Horizor 
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in the North and South Points of it, comes 
juſt under our Feet on the oppoſite Side of 

| the Clone, : 5 
; This Circle ſhews when che Sun or Stars 


are juſt at North or South, and determines 5 
Noon or Midnight. 


When the 0 is on the Meridian and 


above the Horizon to us in Great Britain, 

| tis juſt in the South, and 'tis Noon. When 
it is on the Meridian and under the Horizon, 
tis juſt in the North, and 'tis Midnight. 


Note, Whenibever we move on the 


Earth, whether Eaſt, Weſt, North, or South, 
we change our Horizon both Senſible and 


Rational; for every Motion or Change of 


Place gives us a Hemiſphere of Sky or 
Heaven over our Head a little different 


from what it was; and we can ſee leſs on 


one Side of the Globe of the Earth and 
more on the other Side. 


Whenſoever we move toward the Eaſt : 
or Weſt we change our Meridian: But we 


do not change our Meridian if we move 


directly to the North or South. 
Upon this Account the Horizon and Me- 


ridian are called Changeable Circles, and 


the Globe is made moveable within theſe 
Circles to repreſent this Changeableneſs, 
whereby every Place on the Earth may be 


brought under its proper Meridian, and be 
ſurrounded with its proper Horizon, 


B 2 III. The 


8 The firſt Principles of ect. 2. 


III. The Equator or Equino®ial Line 
croſſes the Meridian at right Angles, and di- 
vides the Globe into the Northern and Sou- 
thern Hemiſpheres; and diſtinguiſhes the 
Sun's yearly Path into the Summer and 
Winter Hali-Years. It repreſents in the 
3 Heavens that very Line or Circle which 
SHE its the Path of the Sun in thoſe two Days in 


0 Spring and Autumn when the Days and 
TH Nights are of equal Length. 
0 Among all the Circles of the Globe this 
1060 is ſometimes eminently called The Line; 
and Paſſing over it at Sea is called by Sai- 


lors Croſſing the Line. 
Note, The Sun, Moon and Stars, with all 
the Frame of the Heavens, are ſuppoſed to 
be whirl'd round from Eaſt to Weſt every 
' twenty-four Hours upon the Axis of the 


WI Equator, or (which is all one) in their ſeve- 
100 ral Paths parallel to the Equator. This is 
1411188 called their Diurnal or Daily Motion. 

0 | IV. The Ecliptick Line is the Sun's An- 
111 {8 nual or Yearly Path, cutting the Equinoc- 


tial in two oppoſite Points obliquely at the 

| | Angles of 231 Degrees. On it are figured 

| the Marks of the 12 Signs through which 
0 the Sun paſſes, (viz,) Aries the Ram y, 
0 Taurus the Bull 8, Gemini the Twins u, 
| 
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Cancer the Crab &, Leo the Lion g, 
Virgo the Virgin m, Libra the Balance =, 
Scorpio the n n, Sagittarius the Ar- 
cher 
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cher 2, Capricornus theSea-Goart w, Aqua- 
rius the Waterer 2, Piſces the Fiſhes x, 


Theſe Signs are certain Conſtellations or 


b Numbers of Stars which are reduced by the 


Fancy of Men for diſtinction Sake into the 
Form of twelve Animals, and for the Uſe of 


the Engliſb Reader may be deſcribed thus. 


The Ram, the Bull, the heavenly Twins, 

And next the Crab, the Lion ſbines, 

_ The Virgin, and the Scales: 

The Scorpion, Archer, and Sea Goat, 

The Man that holds the Water-pot, 
And Fiſh with ghittering Tails. 


Among theſe Signs Aries, Taurus, Ge- 
mini, Cancer, Leo, Virgo, are called North 
ern. But Libra, Scorpio, Sagittarius, Ca- 
pricornus, Aquarius, Piſces, are Southern, 
Capricorn, Aquarius, Piſces, Aries, Taurus, 


Gemini are Aſcending Signs, becauſe they 
ſtand in Succeſſion Northward or riſing gra- 


dually higher in our European Hemiſphere : 


But Cancer, Leo, Virgo, Libra, Scorpio, Sa- 
gittarius are Deſcending Signs, for their Suc- 


ceſſion tends lower toward our Horizon, or 


rather toward the Southern Hemiſphere. 


Fach of theſe Signs has 30 Degrees of the 
FEceliptick allotted to it. The Sun or any 

Planet is ſaid o be in ſuch à Sign when he 
is between our Eye and that Sign, or when 
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i The Equator or Equinoctial Line 
croſſes the Meridian at right Angles, and di- 


vides the Globe into the Northern and Sou- 


chern Hemiſpheres; and diſtinguiſhes the 
Sun's yearly Path into the Summer and 

Winter Half-Vears. It repreſents in the 
Heavens that very Line or Circle which 
is the Path of the Sun in thoſe two Days in 
Spring and Autumn when the Days and 
Nights are of equal Length, 
Among all the Circles of the Globe this 
is ſometimes eminently called The Line; 
and Paſſing over it at Sea is called by Sai- 
lors Croſſing the Line. 

Note, The Sun, Moon and Stars, with all 
the Frame of the Heavens, are ſuppoſed to 
be whirl'd round from Eaſt to Weſt every 
twenty-four Hours upon the Axis of the 
Equator, or (which is all one) in their ſeve- 
ral Paths parallel to the Equator. This is 
called their Diurnal or Daily Motion, 

IV. The Ecliptick Line is the Sun's An- 

nual or Yearly Path, cutting the Equinoc- 
tial in two oppoſite Points obliquely at the 
Angles of 231 Degrees. On it are figured 
the Marks of the 12 Signs through which 
the Sun paſſes, (viz,) Aries the Ram , 

Taurus the Bull d, Gemini the Twins u, 
Cancer the Crab , Leo the Lion g, 
Virgo the Virgin mw, Libra the Balance =, 
Scorpio the * n, Sagittarius the Ar- 


cher 
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cher 2, Capricornus the Sea-Goat w, Aqua- 
rius the Waterer :, Piſces the Fiſhes x, 

— Theſe Signs are certain Conſtellations or 
Numbers of Stars which are reduced by the 


Fancy of Men for diſtinction Sake into the 


Form of twelve Animals, and for the Uſe of 


the Engliſb Reader may be deſcribed thus. 


The Ram, the Bull, the heavenly Twins, 
And next the Crab, the Lion ſhine, 
The Virgin, and the Scales: 
The Scorpion, Archer, and Sea Goat, 
The Man that holds the Water- pot, 
And Fiſh with glittering Tails. 


Among theſe Signs Aries, Taurus, Ge- 
mini, Cancer, Leo, Virgo, arecalled North- 
era, But Libra, Scorpio, Sagittarius, Ca- 


_ pricornus, Aquarius, Piſces, are Southern. 


Capricorn, Aquarius, Piſces, Aries, Taurus, 
Gemini are Aſcending Signs, becauſe they 
ſtand in Succeſſion Nortbward or riſing gra- 
dually higher in our European Hemiſphere : 
But Cancer, Leo, Virgo, Libra, Scorpio, Sa- 
gittarius are Deſcending Signs, for their Suc- 
ceſſion tends lower toward our Horizon, or 
1ather toward the Southern Hemiſphere. 
Fach of theſe Signs has 30 Degrees of the 
Ecliptick allotted to it. The Sun or any 
Planet is ſaid zo be in ſuch a Sign when he 
is between our Eye and that Sign, or when 
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he appears in that Part of the Heavens 


where thoſe Stars are of which the Sign 1 ls 5 
compoſed. ; 


If it be enquired, How we can know the 


Place of the Sun among the Stars, fince all 
the Stars near it are loſt in the Sun-Beams? 
Tis anſwered, that we can ſee plainly what 


Conſtellation or whatStars are upon the Me- 


ridlan at Midnight, and we know the Stars 
V hich are exactly oppoſite to them, and theſe 
muſt be upon the Meridian (very nearly the 

ſame Day at Noon; and thereby we know 
that the Sun at Noon is in the midſt of them. 
So that when you have a Globe at hand on 
which the Stars are delineated, you find on 
what Degree of any Sign the Sun! is in on a 


given Day, and ſee the Stars around it. 
The Sun is reckoned to go thro' almoſt 


one Sign every Month or 30 Days, and thus 
to finiſh the Year in 365 Days 5 Hours and 

49 Minutes, 1. e. near 6 Hours: So that 
the Sun mãy be ſuppoſed to move flowly as 

a dnail thro' almoſt one Degree of the Eclip- 
tick Line every Day from the Weſt to the 
Eaſt, while it is whirl'd round together with 
the whole Frame of the Heavens from Eaſt 
rtoWeſt in a Line parallel to the Equator 1 in 

the Time of 24 Hours. 35 

Note, we vulgarly call the Sun's diurnal 

or 4 Path a Parallel to the Equator, 
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though properly tis a Spiral Line, which 
the Sun is ever making all the Year long, 
gaining one Degree on the Ecliptick daily. 


From what has been now ſaid it appears 


plainly that the Eguinoctial Line, or Egua- 
Tor it ſelf, is the diurnal Path of the Sun a- 
bout the 9 or 10" of March and the 12 
of September, which are the two oppoſite 


Points where the Ecliptick or Yearly Path 


of the Sun cuts the Equator. 


And theſe two Days are called the Equi- 


noctial Days, when the Sun riſes and ſets at 
ſix a Clock all the World over (i. e. where 


it riſes and ſets at all that Day: ) and the Day 


and Night are every where of equal Length: 
and indeed this is the true Reaſon why this 


Line is called the Equator or the Equinoctial. 
It may not be improper in this Place to 


remark that thoſe 5 Hours and 49 Minutes, 


which the Sun's Annual Revolution requires 
above 365 Days, will in 4 Years time a- 


mount to near a whole Day : Therefore e- 
very fourth Year has 366 Days in it, and is 


called the Leap-Year. Note, The ſuper- 


added Day in that Year is the 29 of Febru- 


ary in Great Britain, 
It may be farther remarked alſo, that the 


odd 11 Minutes which in this Account are 


wanting Yearly to make up a complete Day 
of 24 Hours, are accounted for in the New 
Style by leaving out a whole Day once in 

N 1 133 
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133 or 134 Years *. And 'tis the neglect. 
of accounting for theſe odd Minutes in the 
Old Style above a thouſand Years backwards, 
that has made the Difference between the 
Old Style and the New to be at preſent 


Eleven Days. 


NMote, The Zodiacꝶ is fancy 4 as a broad 
Belt ſpreading about 7 or 8 Degrees on each 


Side of the Eclipticꝶ, fo wide as to con- 


tain moſt of thoſe Stars that make up the 5 
12 Conſtellations or Signs. 


Note, The inner Edge of the wooden Ho- 
7iz0n is divided into 360 Degrees, or 12 


times 3o, allowing 30 Degrees to every Sign 
or Conſtellation, the Figures of which are 
uſually drawn there. 
The next Circle to theſe on the Horizon 
contains an Almanack of the Old Style which 


begins the Year eleven Days later ; and the 


= Circle is an Almanack of the New Style 


which begins ſo much ſooner ; and theſe 


l thew in what Sn che Sun is, and in what 


r 
— 


8 This was tive to be dove by Pope Crunk " in the 


| Year 1582, in this manner Since three times 133 Years 
makes near 400 Years, he ordered the additional Day to be 


omitted at the end of three Centuries ſucceſſively, and to 


be retain'd at the 400th Year or 4 Century. But in this 
Reformation of the Calendar he look'd back no farther than 


the Council of Nice. This Order almoſt all Foreign Nations 
obterved: Great Britain did not obſerve it: Therefore Great 


Britain uſes the Old Style or the Julian Account, fo called 
_ from Julius Cæſar, who regulated theſe Matters above 40 


Years before Chrift : The other Nations uſe the New Style, 
which is callgd che Gregorian Account from Pope Gregory. 


Degree 


9 
1 
"#7 
* 5 
5 
1 
* 
1 
* 
* 


us 3. Grigraphy and Aſtronomy. 13 
Degree of that Sign he is every Day in the 
Year, whether you count by the Old Style 
or the New. 
Note, One Side or Edge of the brazen 
Meridian is alſo divided into 360 Degrees or 
4 times 90; on the upper Semicircle where- 
of the Numbers uſually begin to be count- 
ed from the Equator both ways coward the 
Poles : On the under Semicircle they begin 
to be counted from the Poles both ways 
toward the Equator for ſpecial Uſes, as will 
afterward appear, And ir ſhould be remem- 
bred that tis this Edge of the Braſs Circle, 
which is graduated or divided 3 : 
that is properly the Meridian Line. 
Note, The Equator and the Eclipticł are 


called Unchangeable Circles, becauſe where- 


ſoever we Travel or Change our Place on 
the Earth theſe Circles are till che ſame. 


dt 


8 E C T. © 
Of the Leſer Circles, 


H E Leſſer Circles divide this Globe 

Into two unequal Parts, and are theſe 
four, all parallel to the Equator, (v:2,) the 
two Tropics and the two Polar Gircles. 

I. The Tropic of Cancer juſt touches the 
North Part of the Ecliptick, and deſcribes 
the Sun's Path for the longeſt Day in Sum- 
ner: Tis drawn at 23+ Degrees diſtance 
\ from 
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from the Equator toward the North. And 
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tis called the Tropic of Cancer, becauſe the 
Sun enters into that Sign the 11 of June, 


the longeſt Day in the Year, 


II. The Tropic of Capricorn juſt touches 
the South Part of the Ecliptick, and deſcribes 


the Sun's Path for the ſhorteſt Day in the 
Winter: 'Tis drawn at 23+ Degreesdiſtance 
from the Equator toward the South. And 
tis called the Tropic of Capricorn, becauſe 
the Sun enters into that Sign the 11" of 
December, the ſhorteſt Day in the Year. 


Note, What I ſpeak of the ſborteft and 


on geſt Days, relates only to us who dwell 
on 2 North Side of the Globe: Thoſe 
who dwell on the South Side have their 


longeſt Day when the Sun is in Capricorn. 


and their ſhorteſt in Cancer. 


I. & 1V; The Nerch and Scot Polar 


Circles are drawn at 231 Degrees of diſtance 


from each Pole, or, which is all one, at go. 


Degrees diſtance from the contrary Tropic ; 
| becauſe the Inhabitants under the Polar 
| Circles juſt loſe the Sun under the Horizon 
one whole Day at their Midwinter, or when 


it is in the utmoſt Part of the contrary Side 


of the Ecliptick; and they keep it one 
whole Day or 24 Hours above their Ho- 


rizon at their Midſummer, or when it is 


in the- neareſt Part of cheir Side of the 
Ecliprick, 
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The North Polar Circle is called the Arc- 
tick Circle, and the South is the Antar#tich. 


Here I might mention the Five Zones by 


which the Ancients divided the Earth, for 


they are a ſort of broad Circles: But per- 


| haps theſe may be as well referr'd to the 
following Part of this Book. 5 


SECT. IV. 
Of the Points. 


HE moſt remarkable Points in the 
Heavens are theſe twelve or fourteen. 


or Heavens, (vix.) the North and the South, 
which are ever ſtedfaſt, and round which 
the Earth or the Heavens are ſuppoſed to 


„& II, are the two Poles of the Earth 


turn daily as the Globe does upon theſe Iron 


Poles. Theſe are alſo the Poles of the Equator, 
for they are at go Degrees diſtance from it. 
From one of theſe Poles to the other a 
ſuppoſed Line runs through the Centre of 
the Globe of Earth and Heavens, and is 
called the Axis or Axle of the World. 
III, & IV, are the Zenith, or Point juſt | 


over our Head; and the Nadir or the Point 


juſt under our Feet, which may be properly 
called the two Poles of the Horizon, for they 

are 9o Degrees diſtant from it every way. 
V, VI, VII, & VIII, are che four Cardi- 
ual Points of Ea We eft, North and South: 
heſe 


16 . firſt Principles ” Sec. 4. 
Theſe four Points are in the Horizon which 
divide it into four equal Parts, 

Note, For the Uſes of Navigation, or 
Sailing, each of theſe Quarters of the Hea- 
vens, Eaſt, Weſt, North and South, are ſub- 

divided into eight Points, which are called 
Rhumbs; ſo that there are 32 Rhumbs or 
Points in the whole, each containing 11 
1 Degrees. Theſe are deſcribed on the utmoſt 
KARAT Circle of the Wooden Horizon. 
% From the NoR TH towards the Eaft theſe 
Points are named North and by Eaſt, North 
North-Eaſt, North-Eaſt 2 by North, 
Nokrh-EAsTHH; North-Eaſt and by Eaft, | 
_ Eaſt-North-Eaſt, Eaſt and by North, EAs r, 
Sc. Then from the Ea/t See the South 
it proceeds much in the ſame manner. 

The whole Circle of 360 Degrees divi- 
ded in this manner is called the Mariner's 
Compaſs, by which they count from what 
Point of the Heavens the Wind blows, and 
toward what Point of the Earth they direct 

their Sailing, which they call Steering their 
Courſe, See Figure 2. 

IX, & X, are the two Solfticial Points : 
Theſe are the beginning of the Signs Cancer 
and Capricorn in the Ecliptick Line, where 
the Ecliptick juſt touches thoſe two Tropics. 
Theſe Points ſhew the Sun's Place the long- 

eſt and ſhorteſt Days, (ig.) the 11 of June 
and the I 1*2of December. 
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Note, Theſe two Days are called the 


Summer and Winter Solftices, becauſe the 
Sun ſeems to ſtand ſtill, i. e. to make the 
Length of Days neither increaſe nor decreaſe 
ſenſibly for 20 Days together. 


XI, and XII, are Aries and Libra, or the 


Te Eguinoctial Points, where the Ecliptick 


cuts the Equator: When the Sun enters 


into theſe two Signs, the Days and Nights 
are equal all over the World. It enters 
Aries in Spring the 10 of March, which 
is called the Vernal Equinox, and Libra in 
Autumn the 12 of September, which is cal- 
led the Autumnal Equinox. 


Theſe four Points, (viz.) two Equinoctial 


od" two Solſticial, divide the Ecliptick into 


the four Quarters of the Year. 
Here let it be noted, that the twelve Con- 


ſtellations or Signs in the Heavens obtained 
their Names about two thouſand Vears ago 
or more; and at that Time the Stars that 
make up Aries or the Ram were in the 
Place where the Ecliptick aſcending cuts 
the Equator; but now the Conſtellation 


Aries is moved upward toward the Place of 


Cancer near thirty Degrees; and ſo every 
Conſtellation is moved forward in the Eclip- 
tick from the Weſt toward the Eaſt near 
thirty Degrees: ſo that the Conſtellation or 


Stars that make up the Sign Piſces are now 
in the Place where Aries was, or where the 
2 Ecliptick 
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Eclipick cuts the Equator in the Spring : 


And the Conſtellation Virgo is now where 
Libra was, or where the Ecliptick cuts the 


Equator in Autumn. So Gemini is in the 


Summer Solſtice where Cancer was; and 
Sagittarius in the Winter Solſtice where 
Capricorn was: And by this means the Sun 


is got into the Equinoxes in Piſces and Virgo, 
and is arrived at the Solſtices in Gemini and 


Sagittarius, i. e. when 'tis among thoſe Stars. 


This Alteration is called the Proceſſion of 


5 the Equinox, 1. e. of the Equinoctial Signs 
or Stars, which ſeem to be gone forward; 
but ſome call it the Retroceſſi on of the Equi- 

nox, i. e. of the two Equinoctial Points, 

which ſeem to be gone backwards. This 
comes to paſs by ſome ſmall Variation of the 
Situation of the Axis of the Earth with re- 
gard to the Axis of the Ecliptick, round 
which it moves by a Conical Motion, and 
advances 50 Seconds or almoſt a Minute 
of a Degree every Year, which amounts to 


one whole Degree in.72 Years, and will 
fulfil a complete Revolution in 25920Years. 
This Period ſome have called the Platonical 
Year, when ſome of the Ancients fancy'd 


all things ſhould return into the ſame State 7 


in which they now are. 
Vet we call theſe Rovineflial and Sol/ti- 


cial Points in the Heaven, and all the Parts 
91 the Ecliptick by the ſame antient Names 


ſtill 
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ſill in Aſtronomy, and mark them ſtill with 


the ſame Characters (v:2.) Y, 3, I, S, nz 


Sc. tho' the Conſtellations themſelves ſeem 
to be removed ſo much forward. | 
XIII & XIV. Here it may not be im- 
proper in the laſt place to mention the Poles 
of the Ecliptick which are two other Points 


mark'd generally in the Celeſtial Globe. 


If there were an Axis thruſt through the 


® Center of the Globe juſt ar right Angles 


with the Plane of the Ecliptick, its Ends or 
Poles would be found in the two Polar Cir- 


cles. So that a quarter of a Circle or o De- 


grees numbred directly or perpendicularly 


from the Ecliptick Line ſhew the Poles of 


tbe Echptich, and fix theſe two Points thro” 


which the two Polar Circles are drawn. 
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Points on the Globe, juſt as they ſtand in 
C 


is uſual alſo in Books of this kind to 


mention two great Circles called Colures 


drawn ſometimes on the Celeſtial Globe 
through the Poles of the World, one of 
which cutting the Ecliptick in the two Sol- 
ſticial Points is called the Solſticial Colure ; 
the other cutting it in the Equinoctial Points 
is called the Eguinoctial Colure, but they 
are not of much uſe for any common Pur- 


poſes or Practices that relate to the Globe. 


I think it may not be amiſs before we 


proceed farther to let the Learner ſee a Re- 


preſentation of all the foregoing Circles and 


OUr 
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our Hon at London, and ſo far as they 
can be repreſented on a flat Surface, and in 
ſtrait Lines. 
Let the North Pole 1 raifed Above the 
Noh part of the Horigon 514 Degrees 
which are numbred on the brazen Meridi- 
an, then let the Globe be placed at ſuch a 
| diſtance as to make the Convexity inſenſible, 


and appear as a flat or plain Surface, and 


let the Eye of the Spectator be juſt level and 
oppoſite to c, which repreſents the Eaſt 
Point of the Horizon 1 ; then the Globe and 
the Circles on it will W nearly as — 
ſented in Figure III. 
The large Circle divided by every 5 De- 
_ erces repreſents the Meridian, * reſt of 
the larger and the leſſer Circles are there 
named, together with the North and South 
Poles. Z. is the Zenith of London, N the 
Nadir, H the South Point of the Horizon, 
O the North Point, C the Eaſt and Weſt 
Points, S the Summer Solſtice, W the Winter 
SGolſtice, a the Echptick's North Pole, e the 
 Belipiick' sSouth Pole. The two Equinoctial 
Points are repreſented by C, ſuppoſing one 
to be on this Side, t'other on 1 the oppome 
Side of the Globe. . 

If you would have the two Colures repre- 
ſented here in this Figure, you muſt ſuppoſe 
the Meridian to be the Solſticial Colure, and 
the Axis of the World to repreſent the E- 
 quinvttial Colure, Note, 
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Note, This Repreſentation or Projection 


| of the Sphere 1 in ſtrait Lines 1s uſually cal- 
led the Analemma. See how to project it or 
to erect this Scheme, Sect. XX. Probl. XV. 
Fig. XXIII. 


ECT. V. 


| Of Longitude and Latitude on the Ear. 'bly 


Globe, and of different Climates. 


"HE various parts of the Earth and 
Heavens bear various Relations both 


to one another, and to theſe ſeveral Points 
; and Circles, which have been deſcribed. 


Nies, The Earth ſhall be conſidered here. 


Every part of the Earth is ſuppoſed to 
have a Meridian Line paſfling over its Zenith 


from North to South through the Poles of 


the World. Tis called the * Meridian Line 


of that Place, becauſe the Sun is on it at 


Noon. 
That Meridian Line which paſſes 8 : 


Fero one of the Canary-Iflands has pg | 
uſually agreed upon by Geographers as a 


firſt Meridian, from which the reſt are Ae 
ted by the number of Degrees on the Equa- 


tor. Others have placed their jr/t Meridian 
in Tenariſt another of the Canary Iſlandi, 


which is two Degrees more to the Eaſt, but 


all this is matter of Choice and Cuſtom, 


not of Neceſſity. 
3x The 
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The Longitude of a Place is its Diftance 
from the firſt Meridian toward the Eaſt mea- 
ſured by the Degrees upon the Equator. So 
the Longitude of London is about 20 De- 
grees, n the firſt Meridian at Fero. 


Mate, in Engliſh Globes or Maps ſome- 


times the Len ee is computed from the 


Meridian of London, in French Maps from 


Paris, &c. for it being purely arbitrary 


where to fix a firſt Meridian, Mariners and 
 Map-makers determine this according to 


their Inclination. When only the Word 
Longitude is mentioned in general, it always 
means the Diſtance eaſtward; but ſometimes 
we mention the Longitude weſtward as well 
8 eaſlward, 1.e. from London, or Paris, &c. 
eſpecially in Maps of particular Countries. 


By the Meridian Circles on a Map or 


Globe the Eye is directed to the true Longi- 
tude of any Place according to the Degrees 
marked on the Equator : And upon this 


Account the Meridians are ſometimes called 


Lines of Longitude. 


The Latitude of a Place is its Diſtance 


from the Equator toward the North or South 


Pole meaſured by the Degrees on the Meri- 


dian, So the Latitude of London is 51 De- 
grees 32 Minutes, that is, about 512. 
A Place is ſaid to have North Latitude or 


| Scuth Latitude according as it lies toward 
the North Pole or South Pole in its diſtance 
from 
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Sect. | 5. Geography and Aſtronomy, | 23 
from the Equator. So London has 51: the. 


grees of North Latitude. 
The Elevation of the Pole in any particu- 


lar Place is the Diſtance of the Pole above the 
| Horizon of that Place meaſured by the De- 
grees on the Meridian, and is exactly equal 
to the Latitude of that Place: For the Pol. 
of the World or of the Equator is juſt ſo 
far diſtant from the Horizon as the Zenit“ 
of the Place (which is the Pole of the Ho- 


rizon) is diſtant from the Equator. For 
which Reafon the Latitude of the Place or 
the Elevation of the Pole are uſed promiſcu- 


ouſly for the ſame thing. 


The truth of this Obſervation, (viz N that 


the Latitude of the Place and the Poles Ele- 
vation are equal, may be proved ſeveral 
Ways; Tl mention but theſe tw-o. See 


Figure IV. 
Let HCO be the Horizon, 7 the Zenith, 


or the Point over London, E Z the Latitude 

of London 515, PO the Elevation of the 
North Pole above the Horizon. Now that 
EZ is equal to PO is proved thus. 


Demonſtration I. The Arch Z P added 


to E Z makes a Quadrant, (for the Pole is 
always at go Degrees diſtance from the E- 


quatcr.) And the Arch Z P added to PO 


makes a Quadrant, (for the Zenith is always 


at yo Degrees Diſtance from the Horigon.) 
Now if the Arch Z P added either 1 
| C I | Or 


24 The firſt Principles of ect. f. 
or to P 0 completes a Quadrant, then EZ 
muſt be equal to PO. 


Demonſtration II. The Latitude E L muſt 


be the ſame with the Poles Elevation PO: 
For “* the Complement of the Latitude, or 
the Height of the Equator above the Hori- 
zon EH 1s equal to the Complement of 


the Poles Elevation PZ. I prove it thus. 


The Equator and the Pole ſtanding at right 3 


Angles as ECP, they complete a Quadrant, 


or include go Degrees: Then if you take 
the Quadrant ECP out of the Semicirle, 
there remains PO the elevated Pole, and 
E H the Complement of the Latitude, which 


complete another Quadrant. Now if the 
COMPEDEn: of the Latitude added to the 


.\evation of the Pole will make a Quadrant, 
en the Complement of the Latitude is e- 


qual to the Complement of the Poles Ele- 


vation, and therefore the Latitude is equal 


to the Poles Elevation; for where the Com- 


plements of any two Arches are equal, the 


: Arches themſelves muſt alſo be equal. 


* Nete, The C omplement « of any y Arch or Angle under 99 De- 


grees denotes ſuck a Number of Degrees as is {ufficient to make 
up 90; as the Cenplemeus of 50 3 is 40 Degrees, and 
the Complement of 514 Degrees is 38z Degrees. And fo the 
Complement of the Sine or Tangent of any Arch 1s called the 


Co-fine or Co-tangent : So alſo in Aſtronomy and Geography 


we uic the Words Co-latitude, Co-altitude, Co-declination, &c. 
for the Complement of the Latitude, Altitude, or Declinati- 
on, of which Words there will be more frequent uſe among 
the Prebic ms, 5 
As 


Sect. 5. Geography and Aſtronomy. 5 
As evety Place is ſuppoſed to have its pro- 
per Meridian or Line of Longitude, ſo every 
Place has its proper Line of Latitude which 
is a parallel ro the Equator. By theſe Paral- 
| Tels the Eye is directed to the Degree of the 
Latitude of the Place marked on the Meri- 
dian, either on Globes or Maps. 
5 By the Longitude and Latitude being 91— 
ven you may find where to fix any Place, or 
where to find it in any Globe or Map: For 
where thoſe two ſuppoſed Lines, (viz.) the 
Line of Longitude and Parallel of Latitude 
croſs each other, 1s the Place enquired. So 
if you ſeek the Longitude from Fero 20 De- 
grees, and the Latitude 51+ Degrees, they 
will ſhew the Point where London ſtands. 
| Thoſe Parallels of Latitude which are 
diawn at ſuch Diſtances from each other 
nearer and nearer to the Poles, as determine 
the longeſt Daysandlongeſt Nights of the In- 
habitants to be half an Hour longer or ſhorter, 
include fo many diſtinct Ci mates, which are 
proportionally hotter or colder according 
to their Diſtance from the Equator, Tho“ 
it muſt be own'd that we generally uſe the 
Word Climate in a more indeterminate Senſe, 
ro ſignify a Country lying nearer or farther 
From the Equator, and conſequently Hotter 
er colder, without the preciſe Idea of its 
longeſt Day being juſt half an Hour ſhorter 
or longer than! in the next Country to it. 


C4 The 
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The Latitude is never counted beyond + 

go Degrees, becauſe that is the Diſtance 

from the Equator to the Pole: The Longitude 

ariſes to any Number of Degrees under, 360, 
becauſe it is counted all round the Globe. 

If row, travel never ſo far directly towards 
FEa/t or Weſt your Latitude is ſtill the ſame, 
but Longitude alters. If directly toward 

North or South, your Longitude is the ſame, 
but Latitude alters. If you go obliquely, 
then you change both your Longitude and 
Latitude. 

The Latitude of a Place, or the Eleva- 

rion of the Pole above the Horizon of that 

Place, regards only the diſtance Nort hard 
or Southward, and is very eaſy to be deter- 

min'd by the Sun or Stars with certainty, as 
Set. XX. Prob. VII, and IX. becauſe, when 
they are upon the Meridian they keep a re- 
gular and known Diſtance from the Horizon, 
as well as obſerve their certain and regular 
Diſtances from the Equator, and from the 
two Poles, as ſhal] be ſhewn hereafter: 
80 that either by the Sun or Stars (when you 
travel Northward or Southward) it may be 

found preciſely how much your Latitude 
alters. 

But it is exceeding difficult to determine 
what is the Longitude of a Place, or the 

| Piſtance of any two Places from each other 
Laſtward or Weſite arg by the Sun or Stars, 

becauſe 
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becauſe they are always moving round from 
Eaſt to Welt. 
Type Longitude of a Place has been there- 
fore uſually found out and determin'd by 

'F meaſuring the Diſtance travelled on the 

's Earth or Sea, from the Veſt toward the 

l Eaſt, ſuppoſing you know the Longitude 

of the Place whence you ſet out. 


SECT. VI. 


07 Right Aſcenſion, Declination, and Hour | 
Circles. 


Aving conſider d what reſpect the 
parts of the Earth bear to theſe arti- 
 ficial Lines on the Globe, we come, ſecondly, 
to ſurvey the ſeveral Relations that the parts 
of the Heavens, the Sun or the Stars, bear 


to theſe ſeveral imaginary Points and artifi- 
cial Lines or Circles. 


The Right Aſcenſion of the Sun or any | 
: Star is its diſtance from that Meridian which 
paſſes thro the Point Aries, counted toward 
the Eaſt, and meaſured on the Equator; tis 
the ſame thing with Longitude on the Earth- 

ly Globe. 

The Hour of the Sun or any Star is 
reckon'd alſo by the Diviſions of the Equa- 

tor; but the Hour differs from the Right 
Aſcenſion chiefly in this, (via.) The Right 
Aſcenſion is reckon d from that Meridian 
which 
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28 The firft Principles of Set. 6. 
which paſſes thro Aries; the Hour is 


reckon'd on the Earthly Globe from that 


Meridian which paſſes thro the Town or 


City required ; or it is reckon'd oh the hea- 


venly Globe from that Meridian which 
paſſes thro' the Sun's Place in the Ecliptick, 


and which, when it is brought to the brazen 
Meridian, repreſents Noon that Day. 

There is alſo this difference. The Right 
Aſcenſion is often computed by ſingle De- 
grees all round the Equator, and proceeds 


to 360: The Hour is counted by every 15 
Degrees from the Meridian of Noon, or of 
Midnight, and proceeds in Number to 12, 
and then begins again: Tho ſometimes the 


Right Aſcenſion 18 computed by Hours alſo 
inſtead of Degrees, but it proceeds to 24. 


So the Sun's Right Aſcenſion the 10 of 
May is 59 Degrees, or as ſometimes 'tis 


called, 3 Hours and 56 Minutes. 


1 The ſame Lines which are called Lines 
% Longitude or Meridians on the Earth are 


called Hour Circles on the heavenly Globe, 


if they be drawn thro' the Poles of the 
World at every 15 Degrees on the Equator, 
for then they will divide the 300 Parts * 


Degrees into 24 Hours. 


Note, As 15 Degrees make one Hour, ſo 


15 Minutes of a Degree make one Minute 
in Time, and one whole Degree makes four 
Minutes in Time. 


Note, 
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sec. 6. Geagraphy and Arm, 20 
Note, Degrees are marked ſometimes with 
| (*) or with A ſmall Circle 5 Minutes of De- 


grees with a Daſh ('), Seconds of Minutes 


with a double Daſh (), Hours with (), Mi 


nutes of Hours ſometimes with ( and ſome- 
times a Daſh: Seconds with a double Daſh. 
By theſe Meridians or Howr-Lines croffing = 

the Equator on the heavenly Globe, the Eye 


is directed to the true Hour, or the Degree 
of Right Aſcenſion on the Equator, tho' the 
Sun or Star may be far from the Equator. 


By theſe you may alſo compute on the 
Earthly Globe what Hour it is at any Place 


in the World, by nz? ving the true Hour gi- 
ven at any other Place, and by changing the 


Degrees of their Difference of Longitude 
into Hours. 3ͤö;ö0˙öͤ 
But fince ſeveral Queſtions or Problems 
that relate to the Hour, cannot be ſo com- 


modiouſly reſolved by theſe few Meridians 


or Hour-Lines, becauſe every Place on the 


Earth has its proper Meridian where the Sun 
is at 12 a Clock, therefore there is a Braſs 
Dialiplate fixed at the North-pole in the 
Globe, whoſe 24 Hours do exactly anſwer 
the 24 Hour Circles which might be drawn 

on the Globe: Now the Dial being fixed, 


and the Pointer being moveable, this an- 


ſwers all the Purpoſes of having an infinite - 


Number of Hour Circles drawn on the 
Globe, and fitted to every Spot on the Hea- 
5 a WR 


30 The firſt Principlesof Se&. 6. 
vens or the Earth. For the Pointer or In- 
dex may be ſet to 12 a Clock, when the 
Sun's true Place in the Heavens, or when 
any Place on the Earth is brought to the 


Braſs-Meridian, and thus the Globe moving 


round with the Index naturally repreſents, 
and ſhews by the Dial-plate the 24 Hours 
of any Day in the Year, or in any parti- 

_ cular Town or City. 
Note, The upper 12a Clock is the Hour 
_ of Noon, the lower 12 is the Midnight Hour, 
when the Globe is fixed for any particular 
Latitude where there are Days and Nights. 


The Declination of the Sun or Stars 1s 


their Diftance from the Equator toward the 
North or South Pole, meaſured on the Meri- 
dian; and 'tis the ſame thing with Latitude 
on the Earthly Globe. | 
Note, The Sun in the vernal * 1 
nal Equinoxes, and the Stars that are juſt 
on the Equator have no Declination. 
Parallels of Declination are Lines parallel 
to the Equator, the ſame as the Parallels of 


Latitude on the Earthly Globe. In the 


Heavens they may be ſuppoſed to be drawn 


| thro' each Degree of the Meridian, and thus 
ſhew the Declination of all the Stars; or 
they may be drawn thro? every Degree of 


the Echiptick, and thus repreſent the Sun's 


Path every Day in the Year. Theſe parallel 
Lines alſo would lead the Eye tothe eyes 
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Sect. 6. Geography and Aſtronomy. 31 


of the Sun's or any particular Star's Decli- 
nation marked on the Meridian, 


The Declination is called North or South 


Declination according as the Sun or Star lies 
Northward or Southward from the Equator. 


Obſerve here, that as any Place, Town, or 


City on Earth is found and determin'd by the 
Parallel of its Latitude croſſing its Line of 
Longitude; ſo the proper Place of the Sun or 
Star in the Heavens is found and determin'd 
by the Point where its Parallel of Declination 
croſſes its Meridian or Line of Right Aſcen- 
fron ; which indeed are but the ſelf ſame 
chings on both the Globes, tho' Aſtronomers 
have happen' d to give them different Names. 


Note, The Sun's utmoſt Declination North- 


ward in our Summer is but 23+ Degrees; 
and 'ris juſt ſo much Southward in our Win- 
ter; for then he returns again: There the 
Tropics are placed which deſcribe the Path 
of the Sun when fartheſt from the Equator, 


at Midſummer, or Midwinter : Theſe two 


Tropics are his Parallel; of Declination on 
the longeſt and ſhorteſt Day. 


While the Sun gains go Degrees on "AY 


Ecliptick, (which is an oblique Circle) in a 


quarter of a Year, it gains but 23+ Degrees 


of direct Diſtance from the Equator mea- 


ſur'd on the Meridian; this appears evident 


on the a and may be repreſented thus 


in LS) 


Let 


32 The firft Principles of Sect. 6. 
Let the Semicircle y P be the Meri- 
dian of the Northern Hemiſphere, the Line 
7 C = be the Equator, or the Sun's Path at 
Aries and Libra, the Arch y & = the E- 
cliptick, the Line T O the Summer Tro- 
pic, the Line ae the Sun's Path when it enters 
Gemini and Leo, the Line ns the Sun's Path 
when it enters Taurus and Virgo: Then it 
will appear that in moving from y to 8 the 
Sun gains 30 Deg. in the Echprick in about a 
Month, and at the ſame time 12 Deg. of 
Declination, viz. from y to n. Then mov- 
ing from g to n in a Month more it gains 
30 Deg. on the Ecliptick, and 81 Deg. of 
Declination, viz. from n to a. Then again 
from u to s in a Month more it gains 30 
Deg. on the Echiptick, and but 3+ Deg. of 
Declination, viz, from à to T. I might 
alſo ſhew the ſame difference between its 


Declination and its Motion on the Eclipticł 


in its Deſcent from & to &, , and =. 
By drawing another Scheme of the ſame 
kind below the Line y C =, we might repre- 
ſent the Sun's Deſcent toward the Winter 

Solſtice, and its return again to the Spring; 
and thereby ſnew the ſame differences be- 
tween the Sun's Declination and its Motion on 


IL dzbe Eclipbicb in the Winter half year as the pre- 


ſent Scheme ſne ws in the Summer half- year. 
HNereby it is evident how it comes to pals, 
that the Sun's Declination alters near half a 
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Degree every Day juſt about the Equinoxes, 
but it ſcarcs alters fo much in 10 or 12 
1 Days on each ſide of the Solſtices: And this 
3 ſhews the Reaſon why the Length of Days 

and Nights changes fo faſt in March and 
September, and fo exceeding flowly in Fune 
and December: For according to the In- 
creaſe of the Sun's Declination in Summer, 
its Semidiurnal Arc * will be larger and 
conſequently it muſt be ſo much longer be- 
fore it comes to its full Height at Noon, 
and it ſtays ſo much longer above the Hori- 
207 before it ſets. Fe owe 
Thus while the Sun's Declination increaſes 
or decreaſes by ſlow degrees, the Length of 
| | the Days muſt increaſe and decreaſe but 
very ſlowly; and when the Suns Decling- 
ion increaſes and decreaſes ſwiftly, fo alſo 
muſt the Lengthof the Days: All which are 
very naturally and eaſily repreſented by the 
Globe. 55 = oy 
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Of Longitude and Latitude on the Heavenly 
Globe, and of the Nodes and Eclipſes of 
the Planets, 5 2 


HE Longitude and Latitude in Aſtro- 
I nomyare quite different things from 


* The Diurnal Arc is that part of the Circle or Par allel of 
Declination which is above the Horizon; and the half of that 
part is call'd the Semidiurnal Arc, | 


Longi- 


2 
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34 The firſt Principles of Sect. 7. 
Longitude and Latitude in Geography, which 
18 * tocreate ſome Confuſion to Learners. 
The Longitude of the Sun or any Star 

is its Diſtance from the Point Aries eaſtward, 
meaſur d on the Ecliptick. This it a ſhort 

way of deſcribing it, and agrees perfectly 
to the Sun: But in Truth a Star's Longitude 
is its Diſtance eaſtward from a great Arcb 
drawn perpendicular to the Ecliptick thro' the 
Point Aries, and meaſur'd on the Ecliptick. 
We do not ſo uſually talk of the Sun's 
Longitude, becauſe we call it bis Place in the 
Ecliptick, reckoning it no farther backward 
than from the beginning of the Sign in 
Which he is. So the 24" Day of June, we 
ſay the Sun is in the 14 Deg. of Cancer, 
and not in the 104 Deg. of Longitude, 
The Latitude of a Star or Planet is its 
Diſtance from the Ecliptick, meaſur'd by an 


| Arch, drawn tbro that Star perpendicular . 


to the Echptick. 
Longitude and Latitude on the Heavenly 


Globe bear exactly the ſame Relation to the 
Ecliptick as they do on the Earthly Globe 


to the Equator, As the Equator is the Line 


from which the Latitude is counted, and 
on which the Longitude is counted on the 
Earthly Globe, ſo the Eclipt:ck is the Line 
from which the Latitude, and on which the 
1 are counted on the Heavenly 
Globe. 

And 


Te edt 2 
5 8 . 


Seck. 7 Geography and Afgronomy. 0. 5 
And thus the Lines of Latitude in the Hea- 


venly Globe are all ſuppoſed Parallels to the 
Ecliptich, and the Lines of Longitude cut the 


Ecliptick at right Angles, and all meet in 
the Poles of the Fcliprick, bearing the ſame 


Relation to it as on the Earthly Glove they 
do to the Equator. 
The Latitude of a Star or Planet is called 
Northern or Southern as it lies on the North 


or South fide of the Ecliptick. 
The Sun has no Latitude, becauſe it is 


always in the Ecliptick. This Relation of 


Latitude therefore chiefly concerns the Pla- 


nets and the Stars. 


The Fixt Stars as well as the Plant have 
their various Longitudes and Latitudes; and 
their particular Place in the Heavens may 


be aſſign'd and determin'd thereby, as well 


as by their Right Aſcenſion and Declination 
which I mention'd before; and Aſtronomers 
uſe this Method to fix exactly the Place of a 


Star *. But I think it is eaſier for a Learner 


to find a Star's Place by its Declination, and 
Right Aſcenſion; and the common Aſtrono- 


* Aſtronomers know that not only the 12 Conſtellations of 
the Zodiac, but alſo all the Fx: Stars move from the Welt to- 


ward the Eaſt about 50 in a Year, or one Degree in 72 
Years, in Circles parallel to the Ecliptick. Therefore their 


Declination is a little alter'd in 72 Years time, that being mea- 


ſured from the Equator : But their Latitude never alters, that 
being meaſured from the E cliptick : And upon this Account 


Aſtronomers uſe the Latitude rather than the Declination i in 
their Meaſures, becauſe 1 it abides the ſame for ever. 
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mical Problems ſeem to be ſolv'd more na- 


turally and eaſily by this Method. 
It may be here mentioned, tho' tis before 


its proper place, that the ſeveral Planets,viz. 


Saturn, Jupiter, Mars, Venus, Mercury, 
and the Moon make their Revolutions at 


very different Diſtances from the Earth, 
from the Sun, and from one another; each 


having its diſtinct Orbit or Path nearer or 
farther from us. And as each of their Orbits 
is at vaſtly different Diſtances, ſo neither are 


they perfectly parallel to one another, nor 
to the Ecliptick or yearly Path of the Sun. 
Thencc it follows that theſe Planets have 
ſome more, ſome leſs Latitude, becauſe their 
Orbits or Paths differ ſome few Degrees from 
the Sun's Path, and interſect or croſs the 
Ecliptick, at two oppoſite Points in certain 


ſmall Angles of two, three, four or five 


Degrees, which Points are called the Nodes. 
The Node where any Planet croſſes the 
Ecliptick aſcending to the Northward is 


called the Dragon's Head, and marked thus 
g. Where the Planet crofles the Ecliptick 
deſcending to the Southward, tis call d the 


Dragon's Tail, and marked thus 8. . 


_ *Tis very difficult to repreſent he Lati- 


_ tude of the Planets in their different Orbits 


either apen a Globe, or upon a flat or plain 
Surface; the beſt way that I know is, to take 
LWO ſmall Hoops of different Sizes, as in Fig. 


NI. 
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XI. and thruſt a ſtrait Wire o thro! them 


both in the two oppoſite parts of their Cir- 


cumference: Then turn the innermoſt Hoor 


(which may repreſent the Path of the 
Moon) ſo far afide or obliquely as to make an 
Angle of 5+ Degrees with the outermoſt 
Hoop, (which repreſents the Sun's Path.) 
Thus the two Points cando or g and 


where the Wire joins the Hoops, are the two 
Nodes or the Points of Interſection. 


This Difference of Orbits of the Planets 


and their [nfer/ec&t:ons or Nodes, may be re- 
preſented alſo by two circular pieces of Paſt- 


board as in Fig. XII. When the leſs (whoſe. 
Edge repreſents the Moon's Orbit) is put half 
way thro' a ſlit AB, that is made in the Dia- 
meter of the larger (or the Sun's Orbit,) and 
then brought up near to a parallel or level 
with the larger within 5+ Degrees. Thus the 


two Nodes will be repreſented by A and B. 
If the Moons Path and the Sun's were pre- 
ciſely the ſame, or parallel Circles in the 


ſame Plane, then at every New Moon the 


Sun would be eclipſed by the Moon's coming 


berween the Earth and the Sun: And at 
every Full Moon the Moon would be eclipſed 


by the Earth's coming between the Sun and 


the Moon, Bur fince the Planes of their 
Orbits or Paths are different, and make 


Angles with each other, there cannot be 
Eclipſes but in or near the place where the 
OV 2 Planes 
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Planes of their Orbits or Paths interſect or 
: Croſs each other. 
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In or very near theſe Nodes, therefore, j 1 


the only place where the Earth or Moon can 


hide the Sun or any part of it from each 


other, and cauſe an Eclipſe either total or 
= partial: And for theſe Reaſons the Orbit or 
Path of the Sun is called the Ec/zptich, 


The Eclipſes of other Planets, or of any 


part of the Sun by their Interpoſition, are 
ſo very inconfiderable as deſerve not our 
preſent Notice, 


$ECT. VIII. 


of Altitude, Azimuth, Amplitude, ans 


various 2 mgs and TROY of the Sun 


and Stars. 


Height above the Horizon, meaſured 


b; the Degrees on the Quadrant of Altitudes. 


As the Height of the Sun at Noon is 


- called its Meridian Altitude, or its Culmina- 
ting, ſo the Height of the Sun in the Eaſt 


or Weſt is ſometimes call'd its Vertical 
Altitude. 


The Quadrant of Altitudes | is a thin La. 


bel of Braſs, with a Nut and Skrew at the 
End of it, whereby tis faſtened to the Me- 


ridian at the Zenith of any Place; now by 


bending this down to the Hor720n, you find 


the 


"I 


HE Altitude of the Sun c or | Bene 7 is its 
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the Altitude of any Star or Point in the Hea- 


vens, becauſe the Label is divided into ga 


Deg. counting from the Horizon upward. 


Circles parallel to the Horizon, ſuppoſed. 
to be drawn round the Globe, thro every 
Degree of the Quadrant of Altitudes leſs 


and leſs till they come to a Point in the 


Zenith, are called Parallels of Altitude, or 


ſometimes in the old Arabick name, Almi- 
cantars. But theſe can never be actually 
drawn on the Globe, becauſe the Horizon 
and Zenith are infinitely variable, accord- 
ing to the different Latitudes of Places. In 
the VI" Figure, ſuppoſe Z to be the Zenith, 


N the Nadir, HR the Horizon, the ſtrait 


Lines ab, fg, E m, will repreſent the Pa- 
rallels of Altitude. 

Note, The Sun being always higheſt c on 
the Meridian, or at Noon, it deſcends in an 
Arch towards the Horizon in order to ſet, 


by the ſame Degrees by which it aſcended 
from the Horizon after its r:{ng. Stars and 


Planets r:/e and ſet, and come to the Meri- 
dian at all different Hours of the Day or 


Night according to the various Seaſons of 


the Year, or according to the Signs in which 
the Planets are. 


As the word Altitude is uſed to ſignify 
the Height of the Sun or Star above the Ho- 


rizon, ſo the Depreſſion of the Sun or Star is 
its Diſtance from or below the Horizon. 
D3 Ihe 
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The Azimuth of the Sun or Star is its 
Diſtance from any of the four Cardinal 


Points, Eaſt, Weſt, North and South, mea- 


fured by the Degrees on the Horizon. 
Note, When we ſpeak of the Sun's Azi- 
muth in general, we uſually mean his Di- 


ſtance from the South: But when his Diſtance 
from the North, Eaft, or Weſt is intended, 
we ſay, his Azimuth from the North, the 
Eaſt, or the Weſt. 
Brat Circles cutting every Degree of the 5 
Horizon at Right Angles, and meeting in 
the Zenith and Nadir are call'd Azimuthal 
or Vertical Circles. They direct the Eye to 
the Point of the Sun or Star's Azimuth on 
rhe Horizon, tho' the Sun or Star may be 
far above, or below the Horizon. 
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Note, Vertical Circles are the ſame with _ 


Regard to the Zenith, Nadir, and the Ho- 


rizon, as Meridians or Hour Gel are with 


5 Regard to the two Poles of the World and 
the Equator. But theſe Vertical Circles can 
never be actually drawn on a Globe, becauſe 


the Zenith, Nadir, and Horizon are ever 


variable. See them repreſented Fig. VI. by 
the Lines Z HN, Z a N, Ze N, &c. ſup- 
| poſing H R to be the Horizon. 


Note, The Quadrant of Altitudes being 
moveable when one End of it is faſtened at 


the Zenith, the graduated Edge of it may | 


be laid over the place of the Sun or Star, 
So and 
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and brought down to the Horizon; then it 


repreſents any Azimuth or Vertical Circle, in 
which the Sun or Star is; and thus it ſhews 


the Degree of its Azimuth on the Horizon. 
 Neote, The Azimuth of the Sun or Star 
from the Eaſt or Weſt Points of the Horizon 
at its riſing or ſerring, i is called its Amplitude. 

Note, The Sun is always in the South at 


Noon, or 12 a-Clock, and in the North at 
Midnight, VIZ, In Europe and all Places on 


this fide of the Equator. But 'tis not at the 
Eaſt or Weſt at /ix a-Clock any other Day 


in the Vear beſides the two Equinoctial Days, 
as will eaſily appear in an ob/zque Poſition of 
tbe Sphere, (of which ſee the next Section) 
and eſpecially in the laſt Section where the 


Analemma ſhall be more fully deſcribed. 
Let the Relation which the Parallels of 
Altitude bear to the Vertical Circles, and 


| which theſe Vertical or Azimuthal Circles 
bear to the Meridians or Hour-Circles may 
be repreſented to the Eye in Fig. VI, and VII. 


In Fig. VI. Suppoſe the outermoſt Circle 
be the Meridian, H R the Horizon, Z the 
Zenith, N the Nadir; then 46, fg, km; 


will be Parallels of Altitude : And Z a N, 
Ze N, Z oN, Z CN, Sc. will be Fin 
Circles, or Circles of 3 croſſing the 


others at Right Angles. 
Thus ZCN is the vertical Circle of Faſt 


or Weſt, And in this Scheme 3 or f H 


D 4 will 


4 
! 
, 


— 


= E he firſt Wien of Sec. 8. 


will be the Arc of the Altitude of the Star s, 


and Ha will be its Azimuth from the Me- 


ridian; and C a will be its Azimuth from 
the Eaſt or Weſt. 5 


But if the Line HR be ſuppoſed to re- 


preſent the Equator, then Z and N will be 


the two Poles of the World, and then 4 5, 


fe, &c. will be Parallels of Latitude on 
Earth, or Parallels of Dechnation m the 


18 Then alſo the Arches Z HN, 


Z a N, Ze N, Z oN, Z CN, will be 4 


ridians, or Lines of Longitude on Earth, 


and Hour Circles | in the Heavens. 
In Figure VII. Let the outmoſt Cirele 


be the Meridian, HR the Horizon, Z the 
Zenith, N che Nadir, E Q the Equator, PL 
the Axis of the World, or rather the two 
Poles, North and South ; then Z HN, 
Za N, ZeN, Z CN will be Circles of Azi- 
muth : PEL, PoL, PAL, PCL, Sc. 
will be Hour Ezrcles. ; 
And in this Poſition the Star s will have : 
T's, i. e. equal to Eo for its Hour from Noon 
or the Meridian; but its Azimuth from 
Noon or the South or Meridian will be H e. 
Or if you reckon its Azimuth from the Eaſt 
or Weſt Vertical (which is ZCN) it will be 
found to be Ce, while its Hour reckoned 


from PG CL ( which is the Six a-Clock 
Hour-Lige ) will be found to be 65 or Co. 


Thus 
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Thus it will appear how the Hour of the 


Sun differs from its Azimuth, and that both 


of them are number'd, or conmed from the 
Meridian PAEHL N; yet they do not by 


any means keep equal Pace with one an- 


other, one being number'd along the Equa- 


tor E Q, the other number d along the Ho- 


rigon H R. 
Thus you ſee moſt evidently thar if you 


| ſuppoſe the Sun s * to be in the Tropic of 
Cancer repreſented by the Line T, the 
difference between the Hour and Azimuth 
will appear to be very great; and that the 
Sun's Azimuth from Noon He increaſes a 
great deal faſter than his Hour Ts doth in 
the middle of Summer. And if another Line 
K w were drawn to repreſent the Tropic of 

Capricorn, the Sun's Azimuth from Noon 
will appear to increaſe a great deal flower 
than his Hours do in the middle of Winter. 

1 think it ſhould not utterly be omitted 


here what is mentioned in almoſt all Wri- 


tings of this kind, (vig.) that a Star is ſaid 
to riſe or ſet Coſmically when 1 it riſes or ſets 


at Sun: ſetting. 
Tis ſaid to 1 or ſet Achronically if it 


riſe or ſet at Sun-/efting. 


A Star is ſaid to r1/e Heliacally when it 


is juſt come to ſuch a Diſtance from the Sun 
as that tis no longer hid by the Sun- Beams. 


And it is ſaid to on Heliacally when the Sun 
approaches 
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44 5 ' The firſt Principles of Sect. 9. 
approaches ſo near to it as that it begins to 
_ diſappear from our Sight being hid by the 


Beams of rhe Sun. 


The Fixt Stars and the three Superior 


Planets, Mars, Jupiter, and Saturn, riſe 
Heliacally in the Morning, but the Moon in 
the Evening ; for 'tis in the Evening the 
New Moon firſt appears, coming from her 
Conjunction with the Son. 


Note, This ſort of Riſing and Setting of 
the Stars is alſo called Poetical; becauſe the 


Ancient Poets ä mention it. 


8 EC T "In. 


Of the Inhabitants of the Earth according to 


be Peſitions of the Sphere, the Zones, &c. 


N order to make the Docrrine of the 

Sphere or Globe yet more plain and in- 
relligible, let us conſider the Inhabitants of 
the ſeveral parts of the Worid, who may 


| be diſtinguiſhed three Ways, 1 ) According 
to the various Poſitions 97 the Globe. (2. 
According to the fve Zone. (3 9 In Rela- 

tion to one another. 


Firſt, Let us conſider them according to 
the various Poſitions of the Globe or Sphere, 


which arecither Direct, Parallel, or Oblique. 


Theſe three Pokions of the Sphere are 
repreſented in Figure VIII, IX, X, in each 
of which the ouimoſt Circle! 18 che Meridian, 

2 99 11 * 


Sect. 9. Geography and Aſtronomy. 4 5 
HR is the Horizon, E Q the Equator, & 
y the Eclipticb, SN the Axis of the World, 
N the North Pole, S the South, Z D the 


Vertical Circle of Eaft and Weſt, 7, the Ze- 


nith, D the Nadir, & A the Tropic of Can- 


cer, C the Tropic of Capricorn. The va- 
rious Poſition of theſe Lines or Circles will 


appear by the following Deſcriptions. 


I. A Direct or Right Sphere Fig. VIII. is 
when the Poles of the World are in the Ho- 


rizon, and the Equator paſles through the 
Zenith: This is the Caſe of thoſe who live 


directly under the Line or Equator. 
Here the Inhabitants have no Latitude, 

no Elevation of the Pole: The North or 

South Poles being in the Horizon they may 

very nearly ſee them both. 

All the Stars do once in twenty four 


Hous riſe and ſet with them, and all at right 


Angles with the Horizon. 
The Sun alſo, in whatſoever parallel of 


Declination he is, riſes and ſets at right An- 


gles with the Horizon ; their Days and 
Nights therefore are always equal, becauſe 
the Horizon exactly cuts the Sun's Diurnal 
Circle in Hal ves. 


They have two Summers every Vear, (vix. * 


when the Sun is in or near the two Eguzi- 
noctial Points, for then he is juſt over their 
Heads at Noon and darts his ſtrongeſt Beams. 

And they have two Wanters, (viz.) when 
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and Capricorn; for then the Sun is fartheſt 


ſummer. 
II. A Parallel ene Fi ig. IX. 18 Whine 


Nadir: And the Equator is in the Horizon. 
Now if there were any Inhabitants thus 


they would have only one Day of fix Months 
loyg, and one Night of fix Months, in a whole 
Year, according as the Sun is on this or the 
other Side of the Equator; for the Sun mo- 


that time above the Horizon to the Inhabi- 
tants at the North Pole, tho' it went round 
them daily: And the Sun moving in the 
Ecliptick on the South fide of the Equator 


= half a Year, would be below their Horizon 
= all chat Time. The ſame might be ſaid con- 
| cerning the Inhabitants of the South Pole. 

ll The two Equinoctial Days, or when the 
5 Sun is in the Points Aries, or Libra, the 


over; and this is true in a Senſe to thoſe 
who live under the Poles; for the Centre of 


] Sun is above their Horizon, and half below 
JF it for 24 Hours together, i 
Thus, 
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the Sun is in or near the 7 ropics of Cancer 
diſtant from them, though even then it is 
nearer than 'tis to us in 9 at Mid- 
the Poles of the World are in the Zenith and 
| directly under the North and South Poles, 


ving ſlowly in the Ecliptick on the North 
ſide of the Equator half a Year, would be all 


| Day and Night are equal all the World 


the Sun is in their Horizon. Thus half the 


. 
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4 Thus, though the Polar Inhabitants begin 

* to loſe the Sun at the Autumnal Equinox, 
3 they are not in utter Darkneſs all the Time 
4 of the Sun's Abſence: For the Twilight laſts F 
till the Sun is 18 Degrees below their Horizor, 1 

and that is till he has 18 Degrees of Decli- 1 
nation. The Inhabitants of the North Pole | 

are therefore without the Twilight only | 

from the 20 of November till che 18" Of 1 
January. 

Let it be noted alſo chat the Refraction of 5 

the Rays through the thick Air or Atmo- | 

| ſphere makes the Sun appear above their 1 
Horizon ſeveral Days ſooner, and diſappear [ 
ſeveral Days later, than otherwiſe it would þ 

do. Ir may be added in favour of their Ha- b 
bitation too, that the Moon when ſhe is | 

| brighteſt, (vig.) from the firſt Quarter to 1 

the laſt, does not ſet during their middle of I 
Winter: For in that Part of her Month ſhe ö 

is moſt oppoſite to the Sun, and is therefore 1 

in that Part of the Heavens which is moſt b 
_ diſtant from the Sun while he never riſes. | 
The Parallels of the Sun's Declination in 4 
this Poſition of the Sphere are all parallel } 

to the Horizon; and are the ſame with the 1 
Parallels of his Altitude, and therefore his NF 
72556 Altitude with them can never exceed q 
+ Degrees. I 
The Stars that they could fee would he | 
always the ſame, making perpetual Revo- 9 
lations 1 
if 


48 The firſt Principles of - Sect. g. 
lutions round them, and never ſet nor riſe, 
nor be higher or lower. And the Planets 
during half their Periods will be above 
their Horizon, as Saturn 15 Years, Fupt- 
ter 6, Mars 1, Sc. 

II. An Oblique Sphere, Fig. X. is where 
the Latitude or eee of the Pole is at 
any Number of Degrees leſs than go. There- 

fore all the Inhabitants of the Earth (except 
under the Equator and che Poles) have an 
Oblique Sphere. 
Here the Equator and all the Parallels of 
Dieclination cut the Horizon obliquely, 
therefore the Sun and Stars always riſe and 
ſet at oblique Angles with the Horizon. 

As one Pole of the World is always in 
their View, and the other is never ſeen, ſo 
there are ſome Stars which never ler, and o- 
thers which never riſe in their Horizon. 
Their Days and Nights are of very diffe- 
rent Lengths according to the different De- 
clination of the Sun in the ſeveral Seaſons of 
. 
In this Oblique Pof tion of the Sole 
Aſtronomers ſometimes talk of the Obligue 
Aſcenſion of the Sun or Stars; and in order 
to obtain a clearer Idea of it, let us again 
conſider the Right Aſcenſion, which is the 

Sun or Star's Diſtance from that Meridian, 


which paſſes thro the Point Aries, meaſured 
on the Equator. 
Or 


— 
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Or it may be expreſt thus: The Right 
Aſcenſion is that Degree of the Eguator 

which comes to the Meridian together with 


the Sun or Star, conſider'd in its Diſtance 
from the Point Tie. 
But the Oblique Aſcenſion is that Degree 


of the Equator which in an oblique Sphere 
riſes together with the Sun or Star confider'd 


in its Diſtance from the Point Aries. 
Note, That in a Right or Direct Sphere 


all the heavenly Bodies can only have Right 


Aſcenſion, and no Ob 'ique Aſcenſion; be- 


cauſe the ſame Point or Degree of the Equa= 
for that riJes wita chem comes alſo to the 
Meridian witn them: But in an O#%que 


Sphere there is ſometimes a great deal of 
Difference between the Point that riſes with 


them and the Foinrt that comes with them 


to the Meridian. 


Now the Difference between the Right 


Aſcenſion of the Sun or Star, and its Ob- 
lique Aſcenſion is called the Aſcenſional Dif- 
„VV . 


Note, Concerning the Stars in the Equa- 


tor, that their Right and Obiique Aſcenſion 


are equal: Therefore the Sun in the Equi— 


noxes riſing at fix and ſetting at fix has no 


Aſcenſional Difference: Bui as he goes on- 
ward from the Equator toward the Winter 


Solſtice, he riſes after fix; and as he goes 
toward the Summer he riſes before fix; and 


the 
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30 The firſt Principles of Sed. 9. 
the Diſtance of his rifing or ſetting from fix 


 a-Clock is called the Aſcenſional Difference. 


And perhaps'tis ſufficient as well as much 


| ker for a Learner to remember that the 


Time of the Sun or Star's riſing or ſetting 
before or after fix a-Clock is called by Aſtro- 


nomers the Aſcenſiona! Difference without 
taking any Notice at all of the Oblique A/- 
cenſion, which is neither ſo eaſy to be ap- 


prehended or remembred. 
The Second Diſtinction of the Inhabitants 


of the Earth may be made according to the 


froe Zones, which they inhabic ; this was an 


antient Diviſion of the Globe. 


The Zones are broad Circles, five of 
which cover or fill up the Globe. There 
are two Temperate, two Frigid c or cold, and 


one Torrid or hot. 


The Torrid or burning Zone is all the 


ſpace that lies between the two Tropics ; 


*rwas once counted uninhabitable, becauſe 
of exceſſive Heat, being ſo near the Sun; 
but later D have found many and 


great Nations inhabiting thoſe Parts which 


contain the greateſt part of Africa and of 
South America, _ 

The two Frigid or cold Zones are thoſe 
Spaces which are included within the two 
Polar Circles, with the Pole in the Centre, 

at great Diſtance from the Sun, ſcarcely ha- 


bitable voy Reaſon of che Cold. There lies 


Greenland 
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Greenland and Lapland toward the North 


Pole. The South Pole and Polar Regions 


are undiſcovered. 


The two temperate Zee are thoſe Spaces 
that lie on either fide of the Globe between 


the Tropics and the Polar Circles, where the 
Sun gives a moderate Heat, and makes thoſe 


parts moſt convenient for the Habitation of 


Men. All Europe, and the greateſt part of 
Ajia, and North America hen in the North 
temperate Zone. 


Note, That the Torrid Zone lying between 


the 720 Tropics, every Place in it has the 


Sun in the Zenith, or exactly over their 


Heads once or twice in every Year. 
Thoſe who live under the Tropic of Can- 


cer have their Winter when the Sun is in 


Capricorn, Thoſe who live under the 7r0- 


pic of Capricorn have their Winter when the 
Sun is in Cancer, Thoſe who live under 


the Equator have (as I ſaid before) two 


Winters in the Year; tho' indeed there is 
ſcarce any Seaſon can be called Minter wich- 


in the Limits of the Torrid Zone. 


Thoſe who live juſt within the Borders of 


the two Frigid Zones, loſe the Sun for twen— 
ty four Hours together at Midwinter when 
the Sun is in the contrary Tropic: And thole 


Places that are nearer and nearer to the Poles 


loſe the Sun for two, three, four, five, ſix 
Days, for whole Weeks or Months together 
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at their Winter, or when the Sun is near 


the contrary Tropic. 
What is ſaid concerning the Loſs of Light 


a whole Day or Week or Month at Winter 
in either of the frozen Zones, muſt be alſo 


ſaid concerning the gaining a whole Da 


or Week or Month of Daylight at their | 
Summer ; and thoſe parts of the Year are all 
Darkneſs in the Northern Frigid Zone, which 


are all Daylight in the Southern, 


Thus as you go farther Northward or 


Southward the Continuance of the Sun 
above the Horizon grows longer in their 
Summer ; and the utter Abſence of it below 


the Horizon grows longer in their Winter; 

till you come to thoſe Inhabitants (if any 

ſuch there be) who live under the Pole, for 
| theſe have half the Year Night, and half 


the Year Day, as 1 faid before concerning 


the Parallel Sphere. 


In the two Temperate Zones, (as alſo in 


the Torrid Zone) there ate never quite 24 
Hours either of Day or of Night together; 
but when the Sun is in the Equator, all 
| Days and Nights are equal: Afterwards their 


Days gradually increaſe till their longeſt Day 


an Summer, and gradually decreaſe till their 
ſhorteſt Day in Winter : Tho' thoſe who live 


on the Borders of the Polar Circles or the 


Frigid Zones have their 11 of June or 
: Jongeſt Day in Summer near 24 Hours; and 
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their 11 of December or ſhorteſt Day in 


Winter, but juſt allows the Sun to peep a 


Moment above the Horizon, ſo that their 
Night 1 is very near 24 Hours long. 


Thirdly, The Inhabitants of the Earth may 
alſo be divided into three ſorts in reſpect of 


their Geographical Relation to one another, 
and they are called the Periæci, the Antæci 
and Anti podes. 


I. The Periæci live under the ſame Pa- 
rallel of Latitude on the fame fide of the 


Globe, but differ in Longitude from Eaſt to 
Weſt 180 Degrees, or juſt half the Globe. 
Theſe have their Summer and Winter at the 
| ſame times with one another, but Day and 
| Night juſt at contrary times. Note, Thoſe. 
wholive under the Poles have no Periæci. 


II. The Antaci live under the ſame Meri- 


dian or Line of Longitude, and have the ſame 
Degree of Latitude too, but on contrary 


ſides of the Equator, one to the North, 


the other the South. Theſe have Day and 
Night exactly at the /ame time, but Summer 
and Winter contrary to each other. Note, 
Thoſe who live under the , have no 


Antæci. 


III. The Anti podes have (as I may to ex- 


| preſs it) the Properties of the A ones and 
Periæci join'd together, for they live on - 


trary ſides of the Equator, tho in the ſame 


Latitude or Diſtance from it; and tfieir 


2 Me- 
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Meridian or Line of Longitude is 180 De- 
grees or half the Globe different. A Line 
paſſing thro' the Centre of the Earth from 

the Feet of the one would reach the Feet of 
the other. They dwell at the full Diſtance of 
half the Globe, and have Day and Night, 
Summer and Winter at contrary times. 

In each of the three laſt Figures, (iz, 
VIII, IX and X. you may ſee theſe Diſtin- 
Aions of the Earth's Inhabitants exactly re- 
preſented. A are Periæci, ſo are C vy. 
But 8 C * A w are Antæci. & w, or 
AC, or NS, or HR, or E Ore” all An- 
tipodes to each Other. 

The Ampbiſcii, e and Aci, 

which are only Greek Names invented to tell 
| how the Sun caſts the Shadows of the ſeve- 


ral Inhabitants of the World, are not worth 
our preſent Notice. 


8 ECT. X. 


' The Natural Deſeription of the Earth and 
Waters on the Terr eftrial Globe. 


HE Earth may be divided into its 
Natural or its Political Parts, The 
one Diſtinction is made by the God of Na- 
ture who created it: The other by Men 
who inhabit it. 
The Globe or Surface of Earth on which 
we dwell is made up eee of two Parts, 


Land 
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Land and Water; and therefore it 1s called 
the Terraqueous Globe. Each of theſe Ele- 
ments have their various Parts and Sub- 


diviſions, which are as variouſly deſcribed 
on artificial Globes or Maps. 


The Land 1s called either an Thand a 


Continent, a Peninſula, an Iſthmus, a Pro- 


montory, or a Coaſt. See the plain Deſcrip- 


tion of all theſe Fig. XIII. 


An land is a Country or Portion of Land, 


compaſſec about with Sea or other Water, 
as Great Britain, Ireland in the Britiſh 
Sens; Sicily, Crete, Cyprus, &c. in the Me- 


diterranean Sea; the Iſles of Waght, of An- 


gleſey, of Man near England: There are 
alſo 1 in Rivers. 

A Continent, properly ſo called, is a large 
Quantity of Land in which many great 


Countries are joined together, and not ſepa- 


rated from each other by the Sea, ſuch are 
Europe, Aſia, Africa. This is ſomerimes 
called rhe Main-Land. 

A Peninſula is a part of Land almoſt in- 


compaſſed with Water, or which is almoſt 
an Iſland: Such is the Morea which joins to 


Greece, ſuch is Denmark as joining to Ger- 
many, and Taurica Cherſoneſus joining to Lit- 
tle Tartary near Muſcovy; and indeed Africa 
is but a large Peninſula joining to Aa. 
An Iſthmus is a narrow Neck of Land 
between two Seas, joining a Peninſula 10 
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Pans which joins Nerth and South Ame- 
rica: The Iſthmus of Corinth which joins. 
the Morea to Greece : The Iſthmus of Sues 
which joins Africa to Afia. 
A Promontory is a Hill or Point of Land 
ſtretching out into the Sea: It is often 
called a Cape, ſuch is the Caße of Good Hope 
in the South of Africa; the Land's End 
and the Ligzard Point are two Capes at the 
Weſt of England ; Cape Finiſterre on the 
Weſt of Spain, &c. 
A Coaſt or Shore is all that Land that 
borders upon the Sea, whether it be in Iſlands 
or Continents: Whence it comes to paſs that 
ſailing near the Shore is called Coaſting-. 
That Part of the Land which is far diſtant 
from the Sea is called the Inland Guntry: 
Theſe are the Diviſions of the Land. 
The Vater is divided into Rivers or Seas. 
A River is a Stream of Water which has 
uſually its Beginning from a ſmall Spring 
or Fountain, whence it flows continually 
without Intermiſſion, and empries it ſelf 
into ſome Sea. Bur the Word Sea implies 
a larger Quantity of Water, and is diſtin- 
guiſhed into Lakes, Gulfs, Bays, Creeks, 
Straits, or the Ocean. © 
The Ocean or the Main Sea 1s avaſt ſpread- 
ing Collection of Water, which is not di- 
vided” or ſeparated by Lands running be- 
tween ; 
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tween : Such is the Atlantick or Weſtern 
Ocean between Europe and America: The 
Eaſtern or the Indian Ocean in the Eaſt-In- 


dies: The Pacifick Ocean or South Sea on 
the Weſt ſide of America, &c. 


Note, The various Parts of this Ocean or 
Main Sea that border upon the Land are 


called by the Names of the Lands which 


lie next to it: So the Britiſh Sea, the Iriſh 
Sea, the Ethiopian Sea, the French and 


5 panifh Seas. 


A Lake is a large place of Water 19540 


ſed all round with Land, and having not any 
viſible and open Communication with the 
Sea: Such are the Caſpian Sea or Lake in 


Aſia ; the Lake Zaire in Africa, (as ſome 


Maps deſcribe) and many others there are 
in Europe and America, and eſpecially in 


Sweden and Finland, and on the Weſt of 
New England : Such alſo is the Lake or Sea 
of Tiberias in the Land of Canaan, and the 


Dead Sea there, which we read of in 
SPE: 


A Gulf is a Part of the Sea that isalmoſt | 
incompaſſed with Land, or that runs up a 


great Way into the Land. 

If this be very large tis rather called an 
Inland Sea : Such is the Baltick Sea in Swe- 
den, and the Euxine Sea between Europe and 


Alia; the Ægean Sea between Greece and 


Lefer Mia; and the Mediterranean Sea be- 
+ twWeen 
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58 The firſt Principles of Sect. 10. 
_ tween Europe and Africa, which in often 
in the Old Teſtament called the Great Sea. 
If it be a leſs Part of the Sea thus almoſt. 
incloſed between Land, then it is more 
uſually called a Gulf or Bay: Such is the 


Gulf of Venice between Italy and Dalmatia : 


The Arabian Gulf or the Red Sea between 
Afia and Africa: The Perſian Gulf between 


Arabia and Pera: The Gulf or Bay of 
Finland in the Baltick Sea; and the Bay of 


Biſcay berween France and Spain. 


If it be but a very ſmall Part, or as it were 
an Arm of the Sea that runs but a few Miles 


between the Land, it is called a Creek, a 
Haven, a Station, or a Road for Ships; as 


Milford Haven in Wales; Southampton Ha- 


ven in Hampſhire, and many more in "ery 
Maritime Country. 
A Strait 1s a narrow Part of tho Ocean 
1 ying between two Shores, whereby two Seas 
are joined together, as the Sound which is the 


Paſſage into the Baltick Sea between Den- 


mark and Sweden : The Helleſpont and Boſ- 


phorus which are two Paſſages into the Euxne 
Sea between Romania and the Leſſer Ajia - 


The Straits, Dover between the Britiſh 
Channeland the German Sea; and the Straits 
of Gibraltar between the Atlantick and the 

Mediterranean, though the whole Mediter- 
 raneai Sea is ſometimes called the Straits. 
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If we compare the various Parts of the 


Land with thoſe of the Water, there is a 


pretty Analogy or Reſemblance of one to 


the other. The Deſcription of a Continent 

' reſembles that of the Ocean, the one is a 
vaſt Tract of Land as the other is of Water. 
An [land incompaſſed with Water reſembles 
a Lake incompaſſed with Land. A Peninſula 


of Land is like a Gulf or Inland Sea. A 


Promontory or Cape at Land is like a Bay or 


Creek at Sea; and an Iſthmus, whereby two 


Lands are joined, has the ſame Relation to 
other Parts of the Earth as a Strait has to 
the Sea or Ocean. 8 


Let us now take Notice by what Figures 


the various Parts of Land or Water are de- 
| ſcribed in a Globe or Map, and in what man- 
ner they are repreſented. See Fig. XIII. 


Sea is generally left as an empty Space, 


except where there are Rocks, Sands, or 


Shelves, Currents of Water or Wind deſcribed. 

| Recks are ſometimes made like little point- 
ed things ſticking up ſharp in the Sea. Sands 
or Shelves are denoted by a great Heap of 
little Points placed in the ſhape of thoſe 
Sands, as they have been found to lie in 


the Ocean by ſounding or fathoming the 


Depths. Currents of Water aredeſcribed by 
ſeveral long crooked parallel Strokes imita- 
ting a Current. The Courſe of Winds is 

repreſented by the Heads of Arrows point- 


ing 
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ing to chat Coaſt co ward which the Wind 
blows, _ 

The Land is divided or diſtinguiſhed from 
the Gta by a thick Shadow made of ſhort 
ſmall Strokes to repreſent the Shores or Coafts, 
whether of Tilands or Continents, &c. and 
it is uſually filled with Names of King- 
doms, Provinces, Cities, Towns, Moun- 
tains, Foreſts, Rivers, &c. which are de- 
| ſcribed in this manner, (via. 

Kingdoms or Provinces are divided from 
one another by a Row of ſingle Points, 
and they are often painted or ſtained with 
diſtin Colours. Cities or great Towns are 
made like little Houſes with a ſmall Circle 
in the middle of them, Lefſer Towns or 
Villages are marked only by ſuch a ſmall 
e Mountains are imitated in the 
Form of little riſing Hillocks. Foreſts are 

repreſented by a Collection of little Trees. 

Small Rivers are deſcribed by a ſingle, crook- 
cd, waving Line; and larger Rivers by ſuch 
a waving or curling double Line made ſtrong 
and black. The Mouths of large Rivers, 

where they empty themſelves into the Sea, 
are repreſented ſometimes as Currents of 
Water, by ſeveral parallel crooked Lines. 
1 F could add this alſo, That in Terreſtrial 
Globes you find the Mariners Compaſs figur d 
in ſeveral Parts, and the Lines of it are 
drawn out to a great Length toward all 

Parts 
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Parts of the World on purpoſe to ſhew'how 
any Part of the Earth or Sea ſtands ſituated 


with regard to any other Part; and this is 


called its Bearing, by which you may know 

vhat Places bear Eaſt, Weſt, North or South 
from the Place where you are, or at what 
other intermediate Points of the Compaſs 
they lie. The North 1s generally deſcribed 
by a Flower de Luce, and the Egf frequent- 
ly by a Croſs. 

Globes are generally fo formed as to 
have the North Pole juſt ſtanding before 
the Face: Then the Eaft is at the right Hand, 
and the Weſt at the Left: And thus uſually 
the Names and Words are written to be 
read from the Veſt to the Eaſt, This is 
alſo obſerved in large Maps, and it ſhould 
be the ſame in ſmall ones; for when a 
Map of a Country is drawn in any other Form, 
ſo that the North does not lie juſt before us, 
and the Eaſt to our right Hand, it gives 
great Confuſion to the Learner, and ſome- 
times confounds the Eye and Imagination 
even of Perſons ſkill'd in Geography. 


8 ECT. XI. 
Of Maps and 8 ea Charts. 


Hough nothing can repreſent che Hea- 

vens or the Earth in their natural 
Appearances fo exactly as a Globe, yet the 
two 
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62 The firft Principles of Sect. 11. 
two Hemiſpberes either of the Heavens or of 


the Earth may be repreſented upon a flat or 


plain Surface, which are SO called 


Projections of the Sphere. 


If you ſuppoſe a Globe to be cut in Halves 
juſt at the Equator, and each Hemiſphere 
repreſented on a Plane, tis called a Pro- 
;jection of the Globe upon the Plane of the 
Equator. Then the Equino#ial Line will 
be the Circumference, and the two Poſes of 
the World will be the Centres of thoſe two 
Projections, and all the Meridian Lines will 
be 10 many ſtrait Lines or Semidiaters meet- 
ing in the Centre. This is the moſt com- 


mon Method of repreſenting the Celeftial 
Globe and the Stars, 


If the Globe be cut aſunder at the "FRM 


zon of any particular Place and thus repre- 
ſented on a Plane, it is called the Projection 
on the Plane of the Horizon. Then the 
Zenith and Nadir will be the Centres of 
thoſe Projections; and the Horizon is the 


Circumference. The two Poles will be 


placed at ſuch a Diſtance from the Circum- 


ference as the Pole of the World is elevated 


above the Horizon of that Place; and the 
Meridians will be repreſented as curve Lines 
meeting in the Pole Point, excepting only 
chat Meridian that paſſes through the Ze- 


nith which is always a right Line, This is 


à more uncommon Projection of the 
Sphere, 5 
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Sect. 11. Geography and Aſtronomy, 63 
| Sphere, though tis much uſed in Di- 
alling. 
| The moſt uſual Way of delctibing the 
Earthly Globe on a Plane, or a Map, is to 
ſuppoſe the Globe cut in Halves about the 
firſt Meridian at the Iſland Fero or Teneriff. 
This is a Projection on the Plane of the Me- 
ridian: Then the firſt Meridian will deter- 
mine the Circumference: The Pole Points 
will ſtand in the upper and lower Parts of 
that Circle, and the other Meridians will be 
curve Lines meeting in the Pole Points, ex- 
E _ Cept that which paſſes through the Centre of 
the Projection, which is a right Line. 
Here the Equator will be a ſtrait Line 
or Diameter croſſing all the Meridians at 
right Angles, and at equal Diſtances from 
the two Poles. 

Here the two Tropics of Cancer EY "5% 
pricorn are drawn at their proper Diſtances 
of 23+ Degrees from the Equator; and the 
two Polar Circles at the ſame Diſtance from. 
the Poles, 
In this Projection the Ecliptick is ſome- 

times a ſtrait Line cutting the middle of the 
Equator obliquely in each Hemiſphere, and 
ending where the two Tropics meet the Me- 
ridian: But ſometimes the Ecliptichis drawn 
as a curve Line or an Arch beginning where 
the Equator meets the Meridian, and car- 
ried upward juſt to couch the Tropic of 
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Cancer in one Hemiſphere, and downward to 


touch the Tropic of Capricorn in the other. 
Tis in this Form the Maps of the World are 
generally drawn in two large Hemiſpheres. 


Note here, That it is impoſſible to repre- 


ſent a ſpherical Body exactly in its due Pro- 


portion upon a Plane; and therefore the ar- 
tificial Meridians or Lines of Longitude, 
Parallels of Latitude, &c. are placed at ſuch 


different Diſtances by certain Rules of Art, 


and the Degrees marked on them are often 


unequal; but ſo drawn as may moſt com- 
modiouſſy repreſent the Situation of the ſe- 


veral Parts of the Earth with Regard to one 


another.. 


The Meridian or Circumference of theſe 
Circles is divided into four Quarters, and 
each mark'd with go Degrees beginning from 
the Equator and proceeding toward the 
Poles. Theſe Figures or Numbers ſhew the 
Latitude of every Place in the Earth, or its 


Diſtance from the Equator; and at every 10 
Degrees there is a Parallel of Latitude drawn 


on purpoſe ro guide and direct the Eye in 


ſeeking the Latitude of any Place. 
The Equator of each Hemiſphere is di- 

vided into 180 Parts, which makes 360 in 

the whole: And the ſeveral Meridians or 


| Lines of Longitude, cutting the Equator at 


every 10 Degrees guide and direct the Eye to 
find the Longitude of any Place required. 
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in the fame Proportion as they ſtand on a 
Globe. But as the Diviſions of Degrees in 
a Map are bigger or leſs, ſo the Parts of the 
Land and Sea are repreſented there bigger 
or leſs in a moſt exact Proportion to thoſe 
Lines of Longitude and Latitude a among 
which they are placed. 


As the Equator, the ſeveral Lines of Lon 
gitude, of Latitude, &c. can't be repre- 


ſented on a Plane exactly as they are on a 
Globe; ſo neither can the ſeveral Parts of 
the World, Kingdoms, Provinces, Iſlands, 


and Seas be repreſented in a Map exactly 


, 


Therefore though the Lengds or Breadth, 


: or Diſtance of Places on a Map of the World 
cannot be meaſured by a pair of Compaſſes 
as they may be on a Globe, yet you may 

count the Number of Degrees to which 

ſuch Lengths, Breadths or Diſtances corre- 
ſpond, and thereby you may compute their 


real Dimenſions; though not always ſo well 
as on a Globe; of which hereafter. | 
Thus much ſhall ſuffice concerning Maps 


that repreſent the w/e #orld or the Globe 


of Earth and Water, Let us next confider 


thoſe Maps which repreſent particular Parts 
of the World, Kingdoms or Provinces, theſe 
are generally drawn in a large Square, and 


are to be conſidered as Parts of a Pr ejection 
on the Plane of the Meridian. 


From the Top to or toward the Bottom of 
| ine 


66 The firſt Principles of Sect. 11, 
the Square are drawn Meridians or Lines of 
Longitude ; and the Number of Degrees of 
Longitude are divided and marked on the 


upper and undermoſt Line of the Square. 

From Side to Side are drawn Parallels of 
Latitude, and the Degrees of Latitude are 
marked on the two Side Lines. 


Thus you may eaſily find on a Map what 
is the Longitude or Latitude of any Place 


given, or you may find the Point where any 
Town ſtands or ſhould ſtand, when the true 
Longitude and Latitude of it are given. 


Note, In ſuch Maps of particular Coun- 
tries the Longitude is not always reckoned 


from the jir/# Meridian, as Fero or Teneriff, 


but oftentimes 'ris reckoged from the Chief | 
City of that Kingdom, which 1s deſcribed 


in the Map, as I have intimated before. 
Obſerve farther, That though in Globes 


and Maps of the whole World the Longi- 
tude is reckoned from the Weſt toward the 
Eaſt, yet in ſmaller Maps tis often reckoned 
both Ways, as Briſtol is 2+ Degrees of We- 

ſtern Longitude from London, Amſterdam 


has near 5 Degrees of Eaſtern Longitude. 
Note allo, That when a ſmall Country 
1s repreſented i in a large Map, the Lines of 
Longitude and Parallels of Latitude are 


drawn not merely at every 10 Degrees, as in 


the Globe, but ſometimes at every 5 De- 
grees, and ſometimes at every ſingle Degree. 
: | [et 
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Sect. 11. Geography and Afironomy. 67 
Let it be obſerved alſo in large Maps, 


dhat deſcribe any particular Country or Pro- 
vince, as a fingle or double crooked waving 
Line ſignifies a River when it is made ſtrong 


and black; ſo a Public? Road is deicribed 
by a ſingle or a double Line drawn from 
Town to Town, not quite ſo curled nor 


ſo ſtrong as a River is, but ſtrait or wind- 
ing as the Road it ſelf happens. And where 


the Roads lie through a broad Plain or great 


Common without Houſes or Hedges, they are 


ſome times deſcrib'd by a double Row of Points. 
As Villages and ſmaller Towns are de- 
ſcribed by a little Circle or ſmall round o 


in Maps of larger Countries, where the 
Cities are repreſented by the Figure of a 
Houſe or two with a Spire or Steeple; ſo 
in Maps of ſmaller Countries or Provinces 
the little Towns and Villages ate deſcribed 
by the Figure of a Houſe or two, and great 
Towns or Cities are marked like ſeveral 
Buildings put together in Proſpect, or elfe 
the naked Plan of thoſe very Towns or 


Cities is drawn there and diſtinguiſhed a ac- 
cording to their Streets. 

I proceed now to conſider Sea- Charts. 

As Maps are drawn to deſcribe particu- 


lar Countries by Land, ſo a Deſcription of 
Coaſts or Shores and of the Seas for the Uſe 


of Mariners is called a Sea- Chart, and it dif- 
fers from a Map chiefly in theſe Particulars, 


3 ; 
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I. A Map of the Land is full of Names 
aul Marks defcribing all the Towns, Coun- 
tries, Rivers, Mountains, Fc. but in a Sea- 
Chart there are ſeldom any Parts of the Land 
marked or defcribed, beſides the Coaſts or 
Shores and the Sea Ports, the Towns or 
Cities that border upon the Sea, ow me 
Mouths of Rivers. 

II. In a Map the Sea is left as an empty 
Space, except where the Lines of Longitude 
and Latitude, Ge. are placed: But in Sea- 
Charts all the Sholes or Sands, and ſhallow 
Waters, are marked exactly according to 

their Shape, as they have been found to lie 
in the Sea by founding the Depch in 1 818 ö 


Part of them. 


III. In Sea-Cbarts, hs Meridians are of- J 
ten drawn in ſtrait and parallel Lines, and 
the Lines of Latitude are alſo ſtrait Par allels 
crofling the Meridians at right Angles. This 

is called Mercator's Projection; and the 
Points of the Compaſsare Nenuss ty repeated 
and extended through the whole Chart in a 
multitude of eroſſing Lines“, that where ſo- 
ever the Mariner is upon che Sea he may 
know toward what Point of the Compaſs he 
muſt ſteer, or direct his Veſſel to carry it to- 
ward any particular Port; and that we may 
be able to ſee with one caſt of an Eye the 
various Bearings of any Port, Coaſt, Iſland, 
Cape, &c. toward each other. Iv. 


* See Marginal Note, Probl, X. Sect. XIX. 
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IV. The Sea is alſo filled in Sea-Charts with 
various Numbers or Figures which denote the 
Depth of Water, and ſhew how many Fathom 


deep the. Sea is in thoſe Places where the 


Number ſtands. Theſe are called Soundings. 

V. In Sea- Charts there is not ſuch Care 
taken to place the North Parts of the World 
always directly upright and before the Face 


of the Reader; but the Coaſts and Countries 
are uſually deſcribed in ſuch a Poſition as 
may afford the fitteſt Room to bring in the 
greateſt variety of Shores and Seas within 


the Compaſs of the ſame Chart, whether 


the Eaſt, or Weſt, or North, be Placed di- 


rectly before the Reader. 


Here let it be noted that as Geography 


| R taken ſtrictly and properly is a Deſcription 


of Land, ſoa Deſcription of Water or Sea is 


called Hydrography ; ; and as thoſe who de- 


ſcribe the Land on Maps are properly called 


Geographers, ſo thoſe who draw the Sea- | 
Charts are often called e 


SECT. XII. 


75 Political Diviſſons of the Earth, re- 


Peeſented on the Glove. 


F Hus we have finihed has 3 Di- | 
Z -viſzons of the Surface of the Earth; = 
we come now to conſider how it is divided 
Politically by Men who inhabit it. 
a WA Tt 


on EC 
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In this Senſe it is diſtinguiſh'd into four 


Quarters, into Empires, Kingdoms, States, 
Commonwealths, Principalities, Dukedoms, 
Provinces, - Counties, Cities, Towns, Vil- 
lages, Sc. 
The Earth is firſt divided! into four chief 
Parts or Quarters, which are called rape, 
Aſia, a, Africa, and America. 
Europe i is divided from Africa and boun- 
ded on the South ſide by the Mediterranean 
Sea. On its Eaſtern ſide it is divided from 
Afia by a Line drawn on the Eaſt fide of 
Candia or Crete paſſing up the Agean Sea 
and through the Propontis into the Euxine 
or Black Sea, and from thence through the 
Sea of Zabaique by the River Don or Ta- 
nats, and thence through Muſcovy, (as ſome 
will have it) to the River Oy running into 
the Northern Ocean. It is alſo bounded on 
the Welt fide by the Weſtern or  Atlantick 
Ocean. 
A ſia is allo bounded on the North by the 
Northern frozen Seas: On the South by the 
Indian Ocean: On the Eaſt it includes China 
and the Oriental Iſlands: But on the North 
Eaſt its Bounds are unknown, for Travellers 
have not yet been able todetermine whether 
thoſe Eaſtern Parts of Great Tartary mayn't 
be joined to ſome unknown Parts of North 
America. 


Africa 
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Africa is a large Peninſula joining to 
Alia by a little Neck of Land at Egypt, 
| bounded on the North by the Mediterranean 
Sea: On the Weſt by the Atlantick and E- 
thiopick Oceans: On the North Eaſt by the 
Red Sea ; and on the South and Eaſt by the 
Southern and Indian Oceans. 
America was unknown to the Antients til 
found out by Chriſtopher Columbus, a little 
above two hundred Years ago. It is called 
in general the Weſt- Indies. It lies almoſt 
three thouſand Leagues to the Weſtward 
from Europe and Africa on t'other de of 
the Atlantick and Ethiopick Seas: It is made 
up of two large Continents, divided by a 
narrow Neck of Land into two Parts; the 
one is called North America or Mexicana, 
the other South America or Peruana. 


Let us treat briefly of each of cheſe in 
their Order. 


SECT. XIII. 


of EURO PE and its ſeveral Countries 
ane Kingdoms. 


'HE chief Countries of which EUROPE 
is compoſed may be diſtinguiſhed in- 
to the Northern, the Middle, and the Southern | 
Parts. 
I. The Northern Parts are the Britiſh Iſles, 
Denmark, Norway, Sweden, Muſcovy, and 
Lapland. F 4 The 
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The Britth Hes are Great Britain and 
Treland. Great Britain contains the two 


Kingdoms of Exgland and Scotland, which 


were lately united into one. The chief 
Ciry of Eng land is London, and Edinburgh. 
is the chief in Scotland, as Dublin is in 
Ireland. Note, that Wales. is reckoned a 
Part of England, tho' they ſpeak a different 
Language. 
Denmark is a ſmall Kingdom on the North 
of Germany made up of one Peninſula, and 
ſeveral Iſlands in the Baltic Sea; its chief 
City is Copenhagen, which ſtands in the 
largeſt % / 
The Kingdom of Norway (which lies all 
along bordering on the Weſt of Sweden) 
has its chief Town Drontheim ; this toge- 
ther with the Iſle of Iceland far diſtant in 
the Northern Sea is under the Government 
of the King of Denmark. 
Sweden is one of the Norcharn Kingdoms 
which almoſt incompaſſes the Baltick Sea : 


Its chief City is Sfockbolm. That Part of it ? 


that lies on the Eaſt ſide of the Baltich is 
called Finland, Livonia, &c. and the South- 
ern Part on the Weſt fide next to Denmark 

is called Gotbland, 
All the North Eaſt Part Is Europe is 
| Ruſſia and Muſcovy under the Govern ent of 
the Czar, whoſe Capital City 18 len. 
Elis Conqueſts have facely joined Livonia 


to 
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to his Dominion, which before belonged to 
Sweden, arid there he has built the City 


: Petersborg. 


Lapland 1s a cold favage Country that 


lies on the North of Sweden, and 3 
to three Princes, (iz. che Dane, the 
Sele, and the Muſcovite. 5 


Note, That Norway, Lapland and Sweden 


were once all compriz'd under the general | 
Name of Scandinavia. 


II. The Middle Parts of Europe are France, 
Germany, Poland, Hungary, and Little 


Tartary. 
France lies juſt Southward of England ; 


its Northern Coaſt is waſhed by the Engh/b 


Channel ; its Weſtern Shores by the es: 
tick Sea; and its Southern by the Mediter- 


ranean: Its chief City is Paris. 


Be fore I proceed to Germany, 'tis proper bs 
to mention a long Row of diftin& Govern- 


ments which lie on the Eaſt of Frante and 
divide it from Germany and Italy. Theſe 
are the ſeven United Provinces, the ten 
Spaniſh Provinces, the Dukedonr of Lor- 
rain, the Countries of Switzerland, Savy 
and Piedmont. 


The ſeven United prüden are called by 


ho name of Holland, becauſe that is the 
| biggeſt of them. They are a moſt conſider- 
able Commonwealth, and their chief Cities 
are Amſterdum, Rotterdam, Leyden, Utrecht, 
- Mb. | F 4 Sourh- 
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Southward of this lie the ten Spaniſb Pro. 
vines, or the Low Countries or Netherlands, 
which are called by the name of Flanders, 
becauſe that is the largeſt of them : They 


| have belonged to the Kingdom of Spain for 


| ſome Ages; but they are now under the 

Emperor of Germany; their chief Cities 
are Bruſſels, Antwerp, Louvain, Mons, 
Namur, Ghent, dee, 


e i to the South of e cid 


is governed by a Duke : Its chief Town is 


Mancy. 


Switzerland is the next : "Tis a free Re- 
publick divided into thirteen Parts, com- 


monly called the Swz/s-Cantons, (viz.) Ju- 


rich, Bern, Baſil, Lucern, &c. Their Al- 


lies are the Gr:/ons, the V. aer, &c. The 
Commonwealth of Geneva might alſo be 


mentioned here, which is a very ſmall but 


free Sovereignty, and maintains its Rights, 


becauſe none of its Neighbours wall let the 


others ſeize and poſſeſs it. 

The Dukedom of Savoy and Piedmont 
borders upon the South of Switzerland, 
and reaches to the Mediterranean Sea: Its 


chief City is Turin; its Duke 18 lately 
made King of Sardinia. 


I proceed now to Germany, which ſtands 
In the very Heart of Europe ; 'tis called an 


Empire, and its chief City where the Em- 


Peror dwells is Vienna: But there are in it 


many 
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many leſſer Governments, ſuch as Dukedoms, 


Marquiſates, Biſhopricks, and ſeveral free 


Towns or Cities that have ſome Depen- 


dence upon the Emperor, but yet are little 


Sovereignties within themſelves. 


The moſt conſiderable of theſe is the 


Dominion of the Arch-duke of Auſtria, 
who is King of Bohemia and Hungary, and 
is generally choſen Emperor. The nine E— 
lectorates are next in Honour, which are ſo 
called becauſe their Governors are Electors 


by whom the Emperor of Germany is choſen. 


Their Names or Titles are theſe. (I) The 


Archbiſhop of Mentz. (2.) The Archbi- 


ſhop of Triers or Treves. (3.) The Arch- 
biſhop of Cologn. (4.) The King of Bohe- 


mia. (g.) The Duke of Bavaria. (6.) The 


Duke of Saxony. (7.) The Marquis of 
Brandenburg, now King of Pruſſia. (8.) The 


Prince Palatine of the Rhine. (9. The 


Duke of Brunſwick and Lunenburg, who is 
alſo King of Great Britain. Beſides all 


theſe chere are many ſmall Principalities go- 
verned by Secular or Eccleſiaſtical Powers, 


which are too numerous to be reckoned up 
| here. 


Poland is a large Kingdom lying to the 


Eaſt of Germany: It comprehends alſo the 


large Province of Lithuania: The chief 


Cities of this Kingdom are Warſaw and 
Cracow, I might here mention the Country 


of 


* — 17 * ps A hes PR 
rr 
— ——— — IT 7 TIS Cs 


. „ — 
8 F — a4 modal — e — - 
nt — 9 —— 2 — © ge — 
= 5 nyt jo — — = 2 — — IR? w ja 1 ——— *2 * y_— * — — — =3 = * 
* Xx 2 x of . 


SS 6 > I er $7 — 


76 The firſt Principles of Sect. 143. 
of Pruſſia, which ſome Years paſt has been 
| dignified with the Name of a Kingdom: It 
is fituate Northward between Germany and 
Poland. The King reſides at Berlin in 
Brandenburg. 4% 
Hungary isa Kingdom which liv juſt South 
of Poland, its chief Towns are Presburg 
and Buda: It has been in a great Meaſure 
under the Government of the Turks; but it 
now belongs to the Emperor of Germany. 
Little 7. artary, which is alſo called Crim 
Tartary, is a {mall Country lying to the 
Eaſt of Poland, and ſtretching along on the 


North fide of the Euxine or Black Sea. 


III. We go on now to the Southern Parts 
of Europe; and theſe are Spain, Italy, and 


LE © European Dominions of the Turk. 


HP Spain is the moſt Southern Kingdom of 
: Europe, a large Country ; its Capital City 
Madrid ſtands in the midſt of it: On the 
Weſt ſide of it lies the Kingdom of Portu- 
gal bordering all along upon it; twas once 
a part of Hain, but now is ſubject to a di- 
ſtinct King: Its chief City is Lisbon. 
Italy is a large Peninſula in the Mediterra- 
nean Sea, and contains various Governments 
M it, (vis Mantua, Modena, Parma, 
Lucca, Genoa, &c. but the moſt ned and 
remarkable are theſe five, Venice, Milan, 
Florence or Tuſcany, Naples, and the State of 
the Church, which is the Dominion of the 
Pope, whoſe chief City is Rme. In 
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In the South Eaſt Part of Europe lies the 
famous Country of Greece, which contains 
the antient Provinces of Macedonia, Theſ- 
ſalia, Achaia, &c. with the Towns of 
Theſſalonica, Philippi, Athens, Corinth, &c. 
and the Peninſula of Peloponneſus, now cal- 
led the Morea ; bur all theſe together with 
the more Northern Provinces of T; ranfikvua- 
nia, Walachia, Bulgaria, Romania, &c. are 
now almoſt intirely under the Dominion of 
the Turk, whoſe chief City is Conſtantino- 
ple, ſituate at the Mouth of the Euxine 
Sea. All this is called Turkey in Euro pe. 
| Thus have we gone through the Northern 
and Middle, and Southern Countries of Eu- 
rope: But it may be proper to mention alſo 
ſome of the chief Iands of this Part of 
the World, as well as the Mountains of 5 
Europe and its Rivers. 
Near to Italy, France and Spain lie "ITY 
ral Iſlands in the Mediterranean Sea; ſuch 
as Majorca, Minorca, Ivica, Corſica, Sar- 
dinia, Sicily and Malta, which belong to 
different Princes. 
On the Eaſt fide of Greece i is the Abies 
Sea, or Archipelago, in which are many 
ſmall Iſlands, and Crete a large one: On 
the Weſt fide of Greece is the Gulph of 
Venice, or the Adriatick Sea, in which alſo 
there are ſeveral ſmall Iſlands, as Corfu, 
Ps: Zant, Cc, 


Divers 


—_— The FI eben Sec. 13. 
Divers other Jes there are which are in- 
cluded in Europe; at the Iſle of Man, of 
Angleſey, of Wight, Ferſey, Guernſey, &. 
which belong to England: The Hebrides on 


the Weſt of Scotland, the Orcades, and 


Scbetland Ifles on the North Some in the 
| Baltick Sea which belong to Sweden and 
Denmark : The Azores or Weſtern Iſlands 


5 in the Atlantic Sea, which are under the 


King of en And ſeveral others of leſs 
Note. 

Some of the moſt remarkable Mountains 
in Europe are, (I.) The Alps between France 
and Italy. (2.) The Apennine Hills in Italy. 
(3.) The Pyrenean Hills between France and 
Spain. (4.) The Carpathian Mountains in 
the South of Poland. (5.) The Peak in 
Darbyſbire in England. (G.) Plinlimmon in 
ales, &c. Beſides ſeveral Volcano's or 
Burning Mountains, as Veſuvius and Strom- 
boli in Naples, Mount Aitna, now called 
Mon-Gibel in the Iſland of Sicily, and Mount 
Hecla in the cold Ile of Iceland. 
The principal Rivers of Note in Europe 
are the Thames and the Severn in England ; 
the Tay in Scotland; the Shannon in Ireland; 
T. agus in Portugal and Spain; the Po and 
Tiber in Italy; the Weiſel or Viſtula in Po- 
land. In Germany the Elbe and the Oder, 
the Rhine and the Danube. In France the 
dein and the Rhone. In Moſcouy the Don 
and the Volga. "0 
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The Danube and the Volga are the largeſt 
Rivers in Europe, the Danube running 
through all Germany and Turkey into the 
Euxine or Black Sea; and the Volga, 
_ (which ſome Writers attribute to Afia, be- 
cauſe) though it runs through a great Part 
of Muſcat, yet it empties 1 it ſelf into the 
G open.» Dee... 


SECT. 8 


. ASIA, and its ſeveral Countries and 
Kingdoms. 


's 1.4 may be divided- into theſe bye 


Parts, (viz) Turkey, TORN a, t 
China and Tartary. 


The Dominion of the 7 ph in Aſa con- 
tains ſeveral Countries in it, (ig.) Natolia, 
Paleſtine, Arabia, Georgia, &c. 
1. Natolia or Aha Minor, which is 
Peninſula between the Euxine Sea and the 
Mediterranean, where lay the antient Coun- 
tries of Galatia, Cappadocia, Pontus, By- 
thinia, Lycaonia, Cilicia, Phrygia, Paiu- 
pbylia, &c. through which the Apoſtle Paul 
[travelled and made many Converts there. 
Here were the ſeven famous Churches of 
Aſia, to which the Epiſtles were written in 
the ſecond and third Chapters of the Reve- 
lations, (viz.) Epheſus, Smyrna, Sardis, &c. 
many of them are now called by different 
Names : 
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Names: But Smyrna is one of the chief 


Cities in the whole Country. ; 
2. Paleſtine or the Holy Land, and all the ö 
adjacent Countries of Syria, Chaldea, Me- 
| fepotamia, & . The chief Towns in it now 
are Aleppo, Scanderoon or Alexandretta, 
Bagdat or * Damaſcus, Jeruſalem, 
Kc. 
3. Arabia Which antiently was divided 
into Arabia the Happy, Arabia the Deſart, 
and Arabia the Stony, lying all between che 
 Perfian Gulf and the Red Sea : The chief 
| Towns of it are Mecca, Medina, &c. 8 
4. Georgia and Turkomania formerly cal- | 


led Armenia Major are Northern Provinces 


belong ing to the Turks, that lie between 
the Euxine and the Caſpian. 

Perfia a large Empire lies Eaſt ward from 
Turkey between the Caſpian and Indian Seas: 
Its Capital City is I paban. 

India is divided into two Parts by the 
River Ganges. India on this ſide the Gan- 
ges contains the biggeſt Part of the Empire 
of the Great Mogul, whoſe chief City is 
Agra. In a Peninſula or large Promontory 
in this Part of India are various Settlements 
of the European Nations, as at Fort St. 
George, Tranquebar, Goa, &c. Beyond the 
River Ganges lies another large Peninſula, 
which contains the Countries of Pegu, 
Siam, Tunguin, Cochinchina, =: - 


: Eaſt- 
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 Eaſtward of all theſe lies the Empire of 
China, a large and a polite Nation, whoſe 
chief City is Pekin, Theſe Countries laſt 
named are called in general the Eaſt- Indies. 
Great Tartary takes up all the Northern 
Part of Afia. That which borders upon- 
Moſcovy is often called Moſcovy in Aſia- 
The whole is a ſavage, unpoliſhed and un- 
known Country as to the Parts as well as 
the Inhabitants of it; and how far it reaches 
to the North-Eaft no Man in this Part of 
the World can inform us. 
There are Multitudes of and which 
belong to Aſia, the chief of which are 
Japan, Borneo, Celebes, Java, Sumatra, 
Ceylon, the Philippine Iſles, the Maldive 
Iles, &c. all theſe in the Eaſtern Ocean, and 
Cyprus in the Mediterranean. 
The moſt remarkable Rivers are Ti gris 
and Eupbrates in Turkey, Ganges and 1 
in India, whence the whole Country took 
1ts firſt Name. 
The chief Mountains are Imaus, Cau- 
caſus, Ararat, which are but different Parts 
of the long Ridge of Hills which runs 
through Afia from the Weſt to the Eaft, 
and is called by the antient general W 
of Mount Taurus. 
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J 
MF AF RICA and zts Divif ſons. 


FRI CA is the third Quarter of the | 
World: It may be divided into the 


following Territories, Egypt, Barbar), Bil- 


dulgerid, "Zaara, Nigritia, Guinea, Nubia, 
45 and Ethiopia. TE 
Egypt lies to the North Eaſt and] joins c on 


to Aja; the chief Cities are Grand Cairo 
and Alexandria. 


Barbary is a long Country, it compre- 
P's molt part of the antient Mauritania, 


or the Country of the Moors; it lies along 
the Coaſt of the Mediterranean Sea : Its 


chief Towns are Fez, Morocco, Mechanefs, 
Salley, Tangier, Ceuta, 9 8 T. unis, T i- 
poll and Barca. : 

Bildulgerid or the antient Numidia has 


its chief Town Dara; it lies South and 
_ South-Eaſt of e unleſs it be reckoned 
a4 Part of it. 


Zaara comes next; it's a Deſart Inland 


Country and much unknown. So is Ni- 


gritia or the Land of the Negroes which 
Lok to the South of Zaara; as Guinea is ſi- 


tuated in the South of Nigritia, The Tooth 
or Ivory Coaſt and the Q agu Coaſt, and 
the Gold Coaſt are ſeveral Diviſions of 
Guinea well known to Mariners. 


1 | | | Nt { I 1G 


Nubia lies Southward of Egypt, as Abyſ- 
nia does to the South of Nubia, both near 
the Coaſt of the Red Sea. 

Ethiopia hath been given as a general 
Name to all the Countries that compoſe tbe 
South-Eaſt and South Part of Africa, at 

leaſt, all the Maritime Countries or Colts 

from Guinea on theWeſtern fide to Abyſſinia ; 
or Nubia on the Eaſt, and ſometimes it in- 
cludes Abv/jinia alſo, which is called the 
Leſſer or Tins Ethiopia 

Tn the more Southern Part of Ethiopia 
are the Inland Kingdoms of Monamotapa, 
Monoemunga, &c. On the Weſtern Coaſt 
Congo, Loango, Angola : The Eaſtern Coaſt 
is Zanguebar and the Mozambique: The 
Southermoſt Coaſt is inhabited by the Cafres 
and the Hottentots near the Cape of Good 
Hope, who are famous for their Stupidity, 
living in the moſt brutal and barbarous 
Manner, as though they had little of human 
Nature in them beſide the Shape. 

The Chief I/lands near Africa are the 
large Iſle Madagaſcar called the Iſle of 
St. Lawrence that lies toward the Eaſtern 
Sea; and on the Welt or North-Weſt are 
the ſmall Iflands of Cape Verd, the Canary 
Lands, and the Maderas in the Atlantic“ 
Sea, with others of leſſer Note in the 

Sc hiopich Sea. 
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ae moſt famous Rrvers in Africa are 
the Nile and the Niger. The Nile runs 
through all the Eaſtern Part of the Coun- 
try, and empties it ſelf into the Mediterra- 
nean Sea by many Mouths at the Land of 
Egypt. The River Senegal antiently called 
Niger runs through . into the 
Atlantic Ocean. 

The moſt remarkable Mountains are theſe, 
(1.) Mount Atlas or the Atlantick Hills in 
the Weſt of Barbary, which were ſuppoſed 
by the Antients to be the higheſt in the 
World; whence came the Fable of Atlas 
a Giant bearing the Heavens upon his 
Shoulders. (2) The Mountains of the 
Moon which lie much more Southward to- 
ward Monomotapa : And (3.) The exceed- 
ing high Hill of Tenertf, which i is among 
the Canary lands. 


8 E CF; XVI. 
Oe A N E RI O A and its Divif ans. 


ME RICA is the fourth. and laſt 
Quarter of the World, 'tis divided 


into the Northern and the Govt horg Parts 


by an Iſthmus or Neck of Land at Darien 


or Panama. 


| Northern America includes Cana the 
Engliſh Empire, Old Mexico, New Mexico, 
Florida, and the Nortbern Land. 5 
| The 
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The Northern Land contains ſome Iſlands 
and Settlements of European Nations, in 
Hudſon's-Bay and other Coaſts of Groenland, 
Greenland, near to the Arctick Circle, but 
few of them are much known, frequented 


or inhabited. 


As for the North Weſt part of North- 
America, tis utterly unknown whether it 
be Iſland or Continent, whether it may not 
reach thouſands of Miles farther and be joined 
to the North-Eaſt Part of Great Tartary. 

Canada or New France lies on the North- 
Eaſt fide of the River of St. Lawrence, its 

chief Town is Quebec. 
The Engliſh Empire in America lies a- 
long the Eaſtern Coaſt from about thirty 
to almoſt fifty Degrees of North Latitude. 

New England is the chief Province, of 
which Boſton is the principal Town or 
City. North of New England lies Acadia, 
ſometimes called New Scotland: Irs chief 
Town was Port Royal, which hath chan- 
ged its Name to Annapolis. Southward of 
New England lie New York, New Ferſey, 

Penſilvania and Maryland, Virginia and 
Carolina, On the Weſt and North- Weſt 
tide of theſe Plantations lie large Tracts of 
Land with many great Lakes in it, where 
various Nations of Savages inhabir. 

Florida comes next in courſe to be men- 
tion d, it borders Eaſt or North- Eaſt ward 

G 2 on 
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on Carolina, and Weſtward it reaches to the 


River M fe ppi and beyond it: It is bound- 
ed by che Sea on the South, but there have 
been no very great or remarkable Towns or 
Settlements formed there by the Spaniards, 
who found and named it. 
| New Mexico or New Granada lies Weſt 
of Florida poſſeſt alſo by the Spantards 
its chief Town is St. Fe — the River 
Nort. 
Mexico or New Spain lies more South, 
it is a large and rich Country, long and un- 
even, ſtretching from Northweſt to South- 
eaſt; and contains many Provinces 1n it be- 
longing to the Spaniards, who have deſtroy- 
ed Millions of the Natives there. It has 
ſeveral Towns, of which the chief has the 
Name of Mexico given it, Florida and 
Mexico together make a large Bay, which 
is called the Gulf of Florida or the Gulf of 
Mexico. This 8 reaches down to the 
ſmall Neck of Land whereby South Ameri- 
ca is joined to it. On this Neck of Land 
are Panama on the South hide, and Porto- 
bello on the North. 

The Southern Part of nts} is ſome- 
thing like a large Triangle lying in the 
_ vaſt Sour bern Ocean and almott encompals'd 
by it: On the Weſtern ſide this Ocean is 
called the Pacific, Sea, becauſe ſeldom 
vex d with Storms. 


This 
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This Southern Part of America compre— 
hends many great Countries, vz. Terra 
Firma, Peru, Amazonia, Guiana, Braſil, 


Chili, Paraguay, Terra Magellanica, &c. 


The Inland Parts are very much unknown, 
but the greateſt Part of the Coaſts are poſ- 
ſeſs'd by the Inhabitants derived from Spain 
and Portugal, who have made various Set- 
tlements there. 
The chief lands of America in the North 
are Newfoundland, which is a Triangle near 
Acadia; then Cuba, Hiſpamola and Fa— 
maica, all in the ſame Climate with Mexi- 


C. The leſſer Iſles are called Lucayes or 


Bahama Iſlands, South-eaſt of Florida; 
and the Caribbee Iſlands Eaſtward of H/ 
paniola, On the Welt fide of North A.- 
merica lies a very large and long Ifland 
called California, with many little ones 


near it. 
The chief Iſland in South FOE 18 


Tre Delfuego which lies near the Main 


Land, and thus makes the Straits of Ma- 
gellan. There are many others of leſs Ex- 
tent and Note, both on the Coaſt, and in 
the vaſt South-Sea. 

The moſt noted Rivers of North America 
are the great River of St. Lawrence or Canada 
that divides Neu England from New France; 
and the River M.ſſiſippi where the French 


have made late Settlements. ITT 
3 In 


88 The firſt Principles of Sect. 17. 


In South America the two great Rivers 
are the Amazon with all its Branches, and 


Rio dela Plata or the River of Plate. 


The chief Mountains are the Apalachin 
Hills in North America, which divide Flo- 


rida from the more Northern Countries; 


and the Andes in South America, which is a 


long Ridge of Mountains running from the 


South part of America toward the North: 
Travellers ſuppoſe them to be the hy: d 


in the World. 


Thus I have deſcribed Ko various Coun- 


tries of the Earth in a very brief and im- 
perfect manner, ſufficient only to give the 


young and ignorant Reader a Taſte of 
Geography, and to encourage him to purſue 
the Study farther in that excellent Manual 
Gordon's Geographical Grammar, or in Vo- 


lumes of larger Size. 


SECT. XVII. 
of the fixed Stars on the Heavenly Globe. 
S the Tarrebriat Globe has the va- 


rious Countries, Cities, Mountains, 


Rivers and Seas drawn upon it: So on the | 
Celeſtial Globe are placed the fixed Stars 


exactly according to their Situation in 1 the 


Heavens. 


vet there is this Difference between the 


Repreſentations made by the Heavenly 


and 
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and thoſe made by the Earthly Globe, 
(viz.) That the ſeveral Countries, Rivers 
and Seas are repreſented on the Convex or 
outward Surface of the Earthly Globe, juſt 


as they lie naturally on the Convex Surface 


of the Earth : Whereas the Stars naturally 
appear to us in the Concave or inward hol- 
low Surface of the Heaven, but they are 
repreſented on the Heavenly Globe on the 
Convex Surface of it. Therefore we muſt 
ſuppoſe our Eye to be placed in the Centre 
of the Globe in order to have the Stars and 


Heavens appear to us in their Concavity and 


proper Situation. 

Planets and Comets are vulgarly called 
by the general Name of Stars; but the 
fixed Stars differ from the Planets and the 
Comets in this, that they always keep the 
lame Place or Diſtance with regard to one 


another ; whereas the Planetr and Comets 


are perpetually changing their Places and 
Dittances with Regard to one another and 
with Regard to the fixed Stars. 
They differ alſo in this Reſpect, that the 


fixed Stars generally twinkle, except when 


' near the Zenith or ſeen thro' a Teleſcope ; 
and they thoot ſprightly Beams like the Sun, 
which is uſually given as a Proof that like 
the Sun they ſhine with their own Light : 
The Planets have a more calm Aſpect like 
the Moon, and never twinkle, which is 
G 4 one 
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one Argument among many others that 
they derive their Light from the Sun, and 
bine only by reflexion. T2. : 
Por our better Acquaintance with the 
fixed Stars, Aſtronomers have reduced them 
to certain Conffellations, This we have 
ſhewn already in the ſecond Section, con- 
cerning thoſe Stars that lie in the Zodiack, 
which are reduced to 12 Conſtellations and 
called the ziwe/ve Szgns, (viz.) Aries or the 
Ram, Temes or the Bull, Gemini or the 
Twins, Sc. the reſt of the Stars are diſtin- 
guiſhed into the Northern and Southern 
Conſtellations, as lying North or South — 
the Zodiac or Echptick, LES 
The Northern Conſtellations were thus 
framed by the Antients, Urja Minor or 
the little Bear, in whoſe Tail is the Pole 
Star, Ur/a Major or the great Bear, Draco 
or the Dragon, Cepheus whole Feet are 
juſt at the North Pole: Cafiopeta and her 
Chair, Andromeda, the Northern Triangle, 
Perjeus with Meduſa's Head, Auriga or 
the Charioteer, Bootes or the Hunter, who 
is fometimes called Arfurus or the Bear- 
keeper, Corona Borealis or the Northern 
Crown, Engonaſi or Hercules Kneeling, 
Lyra or the Harp, Cygnus or the Swan, 
Pegaſus or the great flying Horſe, Equuleus 
or Equiculus the little Horſe's Head, 
Deipingis /« or the Doiphin,. Sagitta or the 
> Arrow, 
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Arrow, Aquila or the Eagle, which fome 
call the Vultur, Serpens or the Serpent, and 
Serpent arius the Man who holds it. 

To theſe 21 Northern Conſtellations were 
afterwards added Antinous at the Equator 
next to the Eagle, Cor Carol: or King Charles's 

Heart a ſingle Star South of the Great Bear's 
Tail, and Berenice's Hair, a few ſmall Stars 5 
South of Charles's Heart, &c. 

The Southern Conſtellations known to 
the Antients are Cetus the Whale, and 
the River Eridanus Lepus the Hare, the 
_ glorious Conſtellation of Orion with his 
Girdle, Sword, and Shield, Serius or the 
great Dog, Canicula or the little Dog, Hy- 
ara or a large Serpent, the Ship Argo, Cra- 
ter or the two handed Cup, Corvus the 

Crow, or the Raven, Centaurus or the Halt- 
Man Half. Horſe, Lupus or the Wolf, Ara 
or the Altar, Corona Auſtralis or Southern 
Crown, Piſcis Notius or the Southern Fiſh. 

Io theſe 1 5 there have been added 12 
other Conſtellations made up of the fixed 
Stars toward the South Pole which are ne- 
ver viſible to us in Britain, and therefore 
1 ſhall not mention them. 

Aſtronomers have framed ſome leſſer Con- 
ſtellations which are contained in the great- 
er, as the Pleiades or the Seven Stars, and 
the Hyades in Taurus or the Bull: Capella 
or the Goat, in 1 Which 1 is a very bright Star 
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ſo called, in the Arms of Auriga or the Cha- 
Tioteer : the Manger and Aﬀes in the Crab, 


which indeed 1s nothing but a bright Spot : 
compoſed of a Multicude of ſmall Stars: 


Charless Wain which are ſeven bright Stars 
in the Rump and Tail of the Great Bear, 
three of which in the Tail reſemble the 
Horſes, and the other four, c, d, b, r, a 
Square Cart: See Figure XXX. The two 


hindmoſt Stars in the Cart, (viz.) b ander 


are called the Pointers, becauſe they point 


to the North Pole p. 


Beſides theſe there are ſeveral other ſmal- 


ler Stars ſcattered up and down in the 


Heavens, which are not :educed to any of 
the Conſtellations ; though of late Years 
Hevelius a great Aitronomer has made 
Conſtellations of them which are deſcribed 
upon ſome modern Globes. 

The fixed Stars are oi different Sizes, and 


are divided into thoſe of the Frſt, ſecond, 
third, fourth, fifth and ſixth Magnitudes. 


There are bur a few Stars of the firſt 
and ſecond Magnitude, and many of them 
have remarkable Names given to them, as 
the Ram's Head, Aldebaran or the Bull's 
Eye, Capella or the Goat, the three Stars 


PE Orion's Girdle, the Lion's Heart, Deneb 


or the Lion's Tail, Regel the Star iu Orion's 
Left Foot, Spica 2 yginis, which is an Ear 


1 Corn in the Virgin's Hand, Hydra's Heart, 


the 
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the Scorpion's Heart, the Eagle or Vultur's 
Heart, Ala Pegaſi or the Horſe's Wing, 
Fomahant a large Star in the Southern 
_ Fiſhes Mouth near Aquarius, the Pole Star 
in the Little Bear's Tail, &c. See more in 
the Table of fixed Stars at the End of this 
TEES 3 
Some remarkable Stars are called by the 
Name of the Conſtellation in which they 
are, as the Great Dog, the Little Dog. 
Lyra or the Harp, Arcturus the Bear-keeper, 
Capella the Goat, Ge... : 
As the Globe of the Earth with all the 
Lands and Seas deſcribed on a Terreſtrial 
Sphere is repreſented on Maps, ſo the Ce- 
| leftial Sphere with all the fixed Stars is 
often repreſented on two Tables or Plani- 
ſpheres, projected on the Plane of the 
Equator with the two Poles in their 
Centres 3 . . 
Note, This ſort of Projections has ſome- 
times been furniſhed with ſome littie Ap - 
pendices which are moveable, and makes 
an Inſtrument called a Nocturnal to take the 
Hour of the Night, and per form many other 
Aſtronomical Problems by the Stars. 
It is hardly neceſſary to ſay that the 
Stars are ſuppoſed to keep their conſtant 


Mr. Sener at the Globe over-againſt St. Dunſtan's in 
Fleeiſtreet, has lately printed the beſt that ever were in 
England, or perhaps in any Country. 
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Revolution once in twenty four Hours 
by Day as well as by Night: But the 


Day Light conceals them. from ward 


Eyes. 

The Sun in its Annual Courſe moving 
from Weſt to Eaſt through all the Signs of 
Zodiack hides all thoſe Stars from our 
Sight which are near its own Light or 
Place in the H-avens; and therefore at ſe- 
veral Seaſons of the Year you fee different 
Stars or Conſtellations riſing or ſetting, or 
upon the Meridian at every Hour of the 


Night: And as the Sun goes onward daily 
and monthly toward the Eaſt, the Eaſtern 


Confteliations come daily and monthly with- 
in the Reach of the Sun Beams and are 
concealed thereby, which is called their 


2 Setting Heliacally. And the Weſtern Con- 
fiellations hereby getting farther off from 


the Sun Beams are made viſible to us, which 


is called Ring Heliacally. 


Thus, as I intimared before, we may 


caſily find what Stars will be upon the Me- 


ridian every Midnight by conſidering in 


what Sign the Sun is, and in what Degree 
of that Sign; for the Sun with the Stars 


that are near it being upon the Meridian at 
Noon, the Stars that are directly oppoſite 
to them in the Heavens will be upon the 
Meridian that Day at Midnigbt. And by 
the ſame Means if you obſerve what Stars 
are 
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are upon the Meridian at Midnight, you 
_ ealily infer the Sun is in the oppoſite Point 
of the Heavens at Midnoon. 8 

lere it ſhould not be forgotten that there 

is a broad une ven Path incompatiing the 

Heavens paſſing near the North Pole which 


is brighter than the reſt of the Sky, and 


may be beſt ſeen in the darkeſt Night, this 
is called the Milèy Way; which later Philo- 
ſophers have found by their Teleſcopes to 
be formed by the mingled Rays of innu- 
merable ſmall Stars. 'Tis to the ſame Cauſe 


that ſome other bright Spots in the Sky 


(tho not all) are aſcribed which appear to 


us like whitiſh Clouds in . Dark- 
neſs. 


SECT. XVII. 
Of the Planets and Comets. 
"HOUGH the Planets and Comet, 


are never painted upon the Globe be- 
cauſe they have no certain Place, yet tis 
neceſſary here to make ſome mention of 
them; ſince they are Stars much nearer to 
us than the fixed Stars are, and we know 
much more of them. | 
The Planets are in themſelves huge dark 
Bodies which receive their Light from the 
Sun, and reflect it back to us. They are 
called Planets from a Greek Word which 


ſignifies 
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ſignifies Wanderers, becauſe they are always 


changing their Places in the Heavens, both 


with regard to the fixed Stars and with „ 
gard to one another. 


The Planets are placed at very Aten 


Diſtances from the Center of our World, 


(whether that be the Earth or the Sun) and 
they make their various Revolutions thro” 


the twelve Signs of the Zodrack in different 
Periods of Time. 


Saturn in 29 Yearsand 167 Days, 3. e. about 24 Weeks. 


Jupiter in 11 — z — 45 — 
Mars . 321ꝛ— 46 — 
Earth or Sun in 1 o — — © — 
Venus in O —— 224 — — 32 — 
Mercury in o —— 87 —— I; 
Moon in o —— 271 .— 4 — 


As the Ecliptick Line is the Orbit or An- 


nual Path of the Earth or Sun, ſo each 
Planet has its proper Orbit, whoſe Plane 


differs ſome few Degrees from the Plane of 
the Orbit of the Sun, and to a Spectator's 


Eye placed in the Centre would interſect or 
cut the Sun's Orbit at two oppoſite Points 


or Nodes. Now the Diſtance of a Planet 
from the Ecliptick, meaſured by an Arch 


perpendicular to the Ecliptick, Is the Lati- 


tude of that Planet as before. 
To repreſent this as in Figure XI. you 


may imagine as many Hoops as there are Pla- 
nets thruſt through with ſeverul ſtrait Wire 
and thereby } join'd in different Places to the 


Hoop : 
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Hoop that repreſents the Plane of the Eclip- 


 fich, i. e. the Sun's or Earth's Orbit; and 
then let thoſe Hoops be turn'd more or leſs 
_ obliquely from the Plane of the Eclipticł: 
For all the ſeveral Orbits or Paths of the 
Planets do not croſs or interſect the —_— 
tick or Sun's Path in the ſame Point, nor 
at the ſame Angles: But their Nodes or In- 
terſections of the Ecliptick are in different 
Parts of the Fclip:ick, and alſo make diffe- 
rent Angles with it. 
Among the ſeveral Uſes of obſerving the 


Latitude of a Plener, ſee one very neceſſa- 


ry in Problem XXXVII 
The Comets were by Ariſtotle and his Fol- 
lowers ſuppoſed to be a * of Meteors or 
Fires formed in the Sky below the Moon 
continuing for ſome Months and then vaniſh- 
ing again. But by later Aſtronomers they 
ha ve deen found to be dark Bodies like the 
Planets, moving through the Heavens with- 
out any Regard to the Ecliptich, but in very 
different Orbits, which are ſuppoſed to be 
Fllipſes or Ovals of prodigious Length, and 
returning at various Periods of ſeveral 
| ſcores or hundreds of Years. Tho' it muſt 
be confeſt, thoſe Parts of their Orbits which 
are within the Reach of our Sight are ſo 
very inconſiderable Parts of the vaſt Ovals 
they are ſaid to deſcribe, that it has been 
much doubted, whether the Lines they de- 
2 ſcribe 


98 The fir/t Principles of Sect. 18. 
ſcribe in their Motion be not Parabolical, 


or ſome other infinite Curve; and thus whe- 


ther the Comets themſelves are not warnder- 

ing Stars that have loſt all regular Revolu- 
tion, and perhaps have no ſettled Periods 
at ail and may never return again: But 

Comets appear ſo ſeldom that they have ſcarce 
given the nice Enquirers of theſe laſt Ages 
ſufficient Opportunity to obſerve or calcu- 
late their Motions with ſuch an abſolute 
Certainty as could be wiſhed. 

Thus I have finiſhed the ſpeculative Part 
of this Diſcourſe which contains the RU⁴di- 
ments or firſt Principles of Aſtronomy : It 
is called the Spherical Part, becauſe it treats 
of the Doctrine and Uſe of the Sphere ; and 

I have concluded therein the general Part 
of Geography, and given a ſlight Survey of 

the particular Diviſions of the Earth. 

"Tis indeed the Second or ſpecial Part of 

Geography that treats properly of theſe par- 
ticular Diviſions of the Earth which I have 
bur ſlightly run over, and in a much larger 
manner enumerates not only all che King- 
doms, States, and Governments of the World, 
but alſo gives ſome Account of their Man- 
ners, Temper, Religion, Traflick, Manu- 
factures, Occupations, Cc. It alſo e en : 
the various Towns and Villages, the larger 
and leſſer Mountains, Rivers, Foreſts, the 
ſeveral Products of every C ountry, the Birds, 
Bcaſts, 
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| Beaſts, Inſects, Fiſhes, Plants, Herbs, the 


Soil, Minerals, Metals, and all Rarities of 
Art ond Nature: It relates alſo the various 


antient and modern Names of the Nations, 


Cities, Towns, Rivers, Iſlands, Sc. What 
remarkable Occurrences of Battels, Victo- 
ries, Famine, Deſolations, Prodigies, Sc. 
has happen'd in every Nation, and what-⸗ 


ſoever has rendered it worthy of publick 
Notice in the World. 


There are many Books extant in the 


World on this Subject ; ſome of leſſer ſize, 
ſuch as Gordon's Geographical Grammar, 
Cbamberlain's Geography ; and larger, (viz.) : 
Morden's Geography Rectiſed, in Quarto, 
Theſaurus Geographicus, Moll s Geograph y in 
3. 
The Second or Special Part of. . 
my is called the Theory of the Heavens, or 
the Sun and Planets, which will lead us 
into the Knowledge: of a thouſand beau- 
tiful and entertaining Truths concerning 
the Syſtem of the World, the various Ap- 
pearances of the Heavenly Bodies, and tlie 
Reaſons of thoſe Appearances, (vig.) a 
more particular and exact Account of the 
Day and Night, and of the ſeveral Sea- 
ſons of the Year, Spring, Summer, Autumn 
and Winter, of the Length and Shortneſs 
of the Days: Why in che Winter the Sun is 
Nearer to us than | it is in the Summer, and 


II why 
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why the Winter Half year is /even or eight 


Days ſhorter than the Summer Half year: 


Whence come the Eclipſes of the Sun and 
Moon, both total and partial; why the Moon 

is only eclipſed when the is Full, and the Sun 
only when ſhe is New: Whence proceed 
the different Phaſes of the Moon, as the 

| New or Horned Moon, the Half Moon, the 
Full, &c. Why the two lower Planets Mer- 
cury and Venus always keep near the Sun, 
and never move ſo far as two whole Signs 
from it: Why Venus is horned, halved and 
full as the Moon is: Why the three ſuperi- 
or Planets Mars, Fupiter and Saturn appear 
at all Diſtances from the Sun, and are ſome- 
times quite oppoſite to it: Why both the 
upper and lower Planets ſometimes appear 


| ſwifter, ſometimes ſlower : Why they ſeem 


ſometimes to move directly or forward, 


ſometimes retrograde or backward, ſfome- 


times are ſtationary or ſeem to ſtand till : 

Why they are ſometimes nearer to the 
Earth, which is called their Perigeum, 
and ſometimes farther from the Earth, 
which is called their Apogeum, and by this 
means appear greater or leſs. Why they 


are nigher to or farther from the Sun, which 


is called their Peribelion and Aphelion ; 
and in what Part of their Orbits this Dif- 
ference falls out: How it comes to pals 
that they ſeem higher in the Horizon than 
= 5 really 
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really they are by Refraction, and howagain 


they ſeem lower than chey N are by the 
Parallax. 


In this Part of Mronomy tis proper al- 


ſo to ſhew the different Schemes or Hypo- 


theſes that have been invented to ſolve or 
explain all theſe Appearances of the Hea- 
venly Bodies. Here the Pto/emarick or an- 
tient Syſtem ſhould have the firſt Place, to 
repreſent how the Antients placed the Earth 


in the Centre of the World, and ſuppoſed 


the Sun to move round it amongſt the 
other Planets as it appears to the vulgar 
Eye; and what tedious and bungling Work 
they made by their Contrivance of ſolid 
tranſparent Spheres of different Thickneſſes, 


placed in Eccentrick Order and aſſiſted by 
their little Epricycles : What infinite Em- 
baraſſments and Difficulties attend this rude 
and ill adjuſted Contrivance, and how im- 
poſſible it is to ſolve all the Appearances 
of Nature by this Hypotheſis. 
Then the Modern or Copernican Scheme 
ſhould be repretented, which makes the 


Heaven all void, or at leaſt filled only with 


very fine Prhereal Matter; which places 


the Sun in the Centre of our World with 


all the Planets whirling round it; which 
makes the Earth a Planet, turning gazly 


round its own Axis (which is the Axis of 


the Equator) ro form Day and Night; 
2 and 
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and alſo carrie yearly round the Sun in the 
Eclipticꝶ between the Orbits of Venus and 
Mars to form Summer and Winter. This 

Scheme alſo makes the Moon a Secondary 
Planet rolling monthly round the Earth, 
and carried with it in its yearly Courſe round 


the Sun, whereby all the variety of Ap- 


pearances of the Sun and Moon and of all 
the Planets as well as the Differences of 
Pay and Night, Summer and Winter are 


reſolv'd and explain'd with thegreateſt Eaſe, 


and 1 in the molt natural and fimple Manner. 
| Here alſo it ſhould be ſhewn that as 
the Moon is but a Secondary Planet, be- 
cauſe it moves roung the Earth which is 
it ſelf a Planet : So Fupiter which moves 
round the Sun 5 allo four Secondary Pla- 
nets or Moons moving round it, which are 
ſometimes called his Satellites or Life- 

Guards. Saturn alſo has five ſuch Moons, 
all which keep their certain Periodical Re- 
volutions: And beſide theſe, Saturn is in- 
compaſſed with a large Flat Ring 21000 
Miles broad, whoſe Edges ſtand inward to- 
ward the Globe of Saturn, (like a wooden 
Horizon round a Globe) at about 2 1000 
Miles diſtance from it, which is the moſt 
amazing Appearance among all the hea— 


venly Bodies: But theſe Secondary Planets 


which belong to Jupiter and Saturn to— 
gether with this admirable Rig are viſible 
only 
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only by the Aſſiſtance of Teleſcopes : And 
yet Mathematicians are arrived at fo great 
an Exactneſs in adjuſting the Periods and 
Diſtances of theſe Secondary Planets, that 
by the Motions and Eclipſes of the Moons 
of Jupiter they find not only the true 
Swiftneſs of the Motion of Light or Sun- 
beams; but they find allo the Difference 
of Longitude between two Places on the 
Earth. 15 5 
It may be manifeſted here alſo that ſe- 
veral of the Planets have their Revolutions 
round their own Axis in certain Periods of 
Time, as the Earth has in 24 Hours; and 
that they are vaſt bulky dark Bodies, ſome 
of them much bigger than our Earth, and 
conſequently fitted for the dwelling of 
ſome Creatures; ſo that tis probable they 
are all Habitable Worlds furniſhed with rich 
Veriety of Inhabitants to the Praiſe of their 
great Creator. Nor is there wanting 
ſome Proof of this from the Scripture it 
ſelf. For when the Prophet Lalab tells us, 
that God who formed the Hartb created it 
not in vain, becauſe he formed it to be 
inhabited, Iſa. xlv. 18. He thereby inſinu— 
ates that had ſuch a Globe as the Earth ge- 
ver been inhabited, it had been created 71 
vain, Now the ſame Way of Reaſoning 
be apply'd ro the other Planetary * 

I; de ſome of which are ſo much big- 
H z ger 
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ger than the Earth is, and their Situation? 


and Motions ſeem to render them as con- 
venient Dwellings for Creatures of ſome 
Animal and Intellectual King. 

Many of theſe things have been perform- 0 
ed by ingenious Men with great Exactneſs 


for the Uſe of Perſons learned in the Mar 


thematicks; but I know not any ſhort, 
plain and intelligible Account of them fit- 
ted for the Uſe of the unlearned World, 


except among Dr. Iells's Volumes intitled : 


 Mathematicks for a young Gentleman: Yet 
I perſuade my ſelf that ſome Parts of it 
might be performed with greater Eaſe and 


Clearneſs in a more natural Method, and 


to much greater Perfection, if ſome Per- 
ſon of peculiar Skill in theſe Sciences and 
of equal Condeſcenſion would undertake 


the Work. 


-CKCT. NIX; 


Problems relating to Geography and Alro- 
nomy 70 be per formed by the Globe, 


8 Theorems in Mathematick Science 

are certain Propoſitions declaring 

ſome Mathematical Truth: So a Problem 
is a Mathematical Queſtion propoſed to be 
reſolved, or ſome Practice to be performed. 
Becauſe this Problematick Part will re- 
Zuire the recollection of a great many 
—— 
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things in the former Sections, I think it 


may not be improper to g ive a ſhort ſum- 


mary of Definitions of the chief Subjects 
of Diſcourſe in the Doctrine of the = pace, = 


and ſet them i in one View. 


DEFINITIONS 
The Latitude of a Place on the Earthiy 


Globe, is the Diſtance of the Zenith of 


that Place from the Equator toward the 
North or South Pole meaſured by the De- 
grees of the Meridian. 


The Elevation of the Pole is the Height 


of the Pole above the Horizon of that 
Place meaſured on the Meridian: And it 


is always the ſame Number of Degrees as 


the Latitude. 
The Longitude of a Place i is the Diſtance 
of it toward the Eaſt or Weſt from ſome 


firſt Meridian, and tis meaſur d on the 


Equator. 
The Declination of the Sun or any Star 
or Planet is its Diſtance Northward or 


| Southward from the Equator meaſured on 


the Meridian. Tis the ſame ching a as La- 
 titude on the Earthly Globe. 

The Right Aſcenſion of the Sun is its 
Diſtance 8 that Meridian that cuts the 


Point Aries meaſured Eaſtward on the E- 
quator; tis much the ſame with Longitude 


on the Earthly Globe. 
H 4 The 
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The Hour of the Sun is its Diſtance from 
Noon or the Meridian of the Place mea- 
ſured on the Equator by 15 Degrees, for 
every 15 Degrees on the Equator make an 
Hour, Or it may be reckon'd from the 
oppoſite Meridian or Midnight. 
Note, The Right Aſcenſion is reckon'd 
either 1 in Degrees or in Hours, 
The Latitude of a Star or Planet is its 
Diſtance Northward or Southward from the 
Ecliptick: Note, The Sun has no Latitude 
becauſe tis always in the Ecliptick. 
The Longitude of the Sun or Star is its 
Diſtance from the Point Aries Eaſtward 


meaſured on the Ecliptick. But with re- 


gard to the Sun or a Planet, this is uſually 
called the Place of the Sun or Planet for 
any particular Day, i. e. its Place in the 
Zediack, or the Degree of the Sign in 
«hich it is at that Time. | 

The Altitude or Height of the Sun or a 
Star is its Diſtance from and above the 
Horizon, meaſured on the Quadrant of 
Altitudes. - 
The Depreſſion of che Sun or Star is its 
Diſtance from and below the Horizon. 
The Azimuth of the Sun or a Star is its 
Diſtance from the Cardinal Points of Eaſt, 
Welt, North or South, meaſured on the 
Horizon. 

The Sun or Stars Slay: Altitude is 
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its Altitude or Height when“ tis on the Me- 
ridian or at the South. 
The Vertical Altitude of the 800 l is uſed 
by ſome Writers for its Height above the 
Horizon when it is in the Azimuth or Ver- 
tical Cirele of Eaſt or Weſt. But the Sun 
is ſaid to be Vertical at any Place when tis 
in the Zenith of that Place at Noon. 
The Amplitude of the Sun or Star is its 
Azimuth or Diſtance from Eaſt or Weſt at 
riſing or ſetting. 
The Aſcenſional Difference is che Time 
of the Sun or Stars riſing or ſetting betore 
or after ſix a Clock: Or it is the Difference 
between the Sun or Star's ſemidiurnal Arc 
and a Quadrant or go Degrees, as ſome 
Perſons expreſs it, becaute go Degrees or a 
Quadrant reaches from oa Clock to 12, 


PROBLEMS. 


Piet ien I. To find the Longitude and La- 
titude of any Place on the Farthly Globe. 

Turn the Globe about till the Place come 
juſt under the fide of the brazen Meridian 
on which the Figures are, which is called 
its Graauated Edge, then the Degree marked 
on the Meridian "Juſt over the Place. ſhews 
the Latitude either North or South: And 
the Globe ſo ſtanding, that Degree of 
the Equator which is cut by the Me— 
ridian ſhews the true Longitude of the 


Place, 
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Place. So London will appear to have 311 


Degrees of North Latitude, and near 18 1 
Degrees of Longitude, counting the firſt |} 


Meridian at Teneriff, So Rome has 414 
Degrees of North Latitude, and about 13 
Degrees of Longitude Eaſtward from London, 
or almoſt 31 Degrees from 7 eneriſf. 


Problem II. The Longitude or Latitude 
of any Place being given, how to find that 
Place on a Globe or Map, 

If only the Latitude of a Place be given, 
the Place it ſelf may be eafily found by 
_ caſting your Eye Eaſtward and Weſtward 
along that Parallel of Latitude in that Part 
of the World where it lies, and the Place 
(it it be marked on the Globe) will ſoon 

appear. 

If the Longitude only were given, abs 
_ your Eye along that Meridian Northward or 
Southward, and you will quickly fee it. 

But if both Longitude and Latitude be 
given then the Place is imme. ately found, 
tor where the given Line of Longitude or 
Meridian cuts the given Zine of Latitude, 
there is the Place required. Theſe two 


Problems alſo may be practiſed on a Map * 1 


Well as on a Globe. 


Problem III. To find the Diſtauce of an) 
two Places on the Earthly Globe, or two Stars 
on the Heavenly. Here 
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lere let it be noted that a Degree of 
the Meridian or of the Equator, or of any 


great Circle on the Earthly Globe is found 


by Meaſure to be 69+ or 70 Engliſh Miles: 


See Prob. XII. Sect. XX. Tho Geographers 
many times count 60 Geographical Miles to 
a Degree, making them the ſame with the 
Minutes of a Degree for the greater Eaſe 


in Computation. 

L.«ebt it be noted alſo, that all the Degrees 
on the Meridians or Lines of Longitude 
on the Globe are equal, becauſe all thoſe 
Lines are great Circles; but in the Parallels 

of Latitude, the farther you go from the 


Equator the Circle grows leſs and leſs, 
and conſequently the Degrees of thoſe Cir- 


cles are leſs alſo: And therefore if two 
diſtanc Places are either both on the Equator 


or have the /ame Meridian, the Number of 


the Degrees of their Diſtance on the Equa- 
tor or on the Meridian being reduced to 
Miles ſhews you their true Diſtance : Bur 
if the two Places are not both on zhe 


Equator nor on the ſame Meridian, you muſt 
find their true Diſtance by the following 


Method. 
To perform this third Problem lay the 


| Quadrant of Altitude from one Place to 
the other and that will ſhew the Number 


of Degrees of Diſtance, which being mul- 
tiplied by 60 (rorgraphical Miles, or by 


"mo 
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70 Enghſb Miles will give the Diſtance 
ſought. | 

Or you may rake the Diſtance between the 
two Places with a pair of Compaſſes and 
meaſure it upon the Equator, which ſhews 
the Diſtance in Degrees, and then reduce 
them to Miles. 

The Quadrant of Altitudes or a pair of 
Compaſſes in the ſame Manner will ſhew 
the Diftance of any two Stars on the Hea- 


T venly Globe (via.) in Degrees, but not in 


Mies. 

Obſerve here, that though theſe Methods 
vill find the true Diftance of Places on the 
Globe, yet on a Map the ſame Methods are 
uſeleſs; ; becauſe in Maps or plane Surfaces 
the Degrees of Longitude marked on the 
tame parallel of Latitude are unequal, and 
ſo the Degrees of Latitude marked on the 
ſame Meridian are often unequal. (See the 
XI. Section concerning Maps.) The only 
way therefore of meaſuring Diſtances on a 
Map is to meaſure the number of Degrees 
on the neareſt correſpondent Line of Lon- 
gitude or Latitude, and apply that to the 
Diſtance required, which after all is but 
an uncertain Account. 


ade IV. To find the Antacci, peri- 
Cci and Antipodes of any Place given, ſup- 
poi of London, 


I Bring 
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Bring London to the Meridian, obſerve 
its Latitude Northward, then reckon ſo 
many Degrees on the Meridian from the 
Equator Southward, and it ſhews the Place 
of the Antæci. . 
Keep London under the Meridian, ſet the 
Hour Index or Pointer on the Dial at the 
Pole to the upper 12 which is 12 a Clock ar 
Noon, turn the Globe about till the Index 
point to 12 at Midnight, and the Place that 
will be under the ſame Degree of the Me- 
ridian where London was ſhews where the 
Pericœci dwell. 
The Globe ſo ſtanding, count the ſame 
Degrees of Latitude from the Meridian 


Southward and that will ſhew who are the 
Antipodes to London. 


Problem V. Any Mes being given 10 
| find all thoſe Places which have the Jame 
Hour of the Day with that in the given 
Place. 

All the Places that have the ſame Longi- 
_ tude have the ſame Hour, Bring the given 
Place therefore to the Brazen Meridian, and 
_ obſerve what Places are then exactly under 
the graduated Edge of that Meridian, tor 
the People in thoſe Places have the ſame 


Hour, and their Habitation has the lame 
Longitude 


Problem VI. 
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Problem VI. Any Place being given (ſup- 
pole Paris) to find all thoſe Places in the 
World which have the ſame Latitude, and 
conſequently have their Days and Nights of 

| the ſame Length. 

Bring Pari to the Meridian, and you find 
it near 49 Degrees North Latitude. Turn 
the Globe all round, and all thoſe Places 
which paſs under the 49 Degree of the 
Meridian ha ve the ſame Latitude with Paris, 
and the Pole is juſt as much elevated above 
their Horizon, VIZ. 49 Degrees. 


Problem VI. To reftify the Globe actord- = 


ing to the Latitude of any given Place. 


Elevate the proper Pole (whether it be 


North or South) ſo far above the Horizon 


as is the Latitude of the Place propoſed; 


this is done by moving the Pole of the Globe | 


upward from the Horizon counting by the 
Degrees of the under part of the Meridian, 
which begin to be numbered from the Pole; 
thus for London you mult raiſe the Pole 
51x Degrees above the Horizon. 
Then while London ſtands under the 
Meridian, the true and real Situation of it 
is exactly repreſented on the Globe with its 


proper Horizon: For London is by this 


means placed in the Zenith, or on the very 
Top of the Globe, at go Degrees Dittance 
from the Horizon every Way; and thus the. 

Zenith 
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Zenith is as high above the Equator on the 
South fide as the Pole is above che Horizon 
on the North fide. 

Io render this Repreſentation af the Si- 
tuation of any Place yet more perfect, tis 
a uſeful thing to have a ſmall Mariners 
Compaſs at Hand with the Needle touched 
* a Loadſtone, to ſhew which are the. 
North or South Points of the real Horizon, 
and then, as near as you can, ſet theBrazen 


Meridian of the Globe exactly North and 


South. 


Meridian to the real Meridian, the E uator, 


the Ecliptick and all the 72 C:rcles, and 


the Points on the Globe will repreſent thoſe 


Circles and Points on the Earth or in the 


Heavens, in their proper Poſition. 


Problem VIII. The Hour being given in 


any Place (as at London) to find what Hour 
it is iu any other part of the World. 


Rectify the Globe for London, bring the 
City London to the ſide of the Meridian 


where the Degrees are marked; then fix 
the Index of the Dial- plate to the Hour 
given, (ſuppoſe four a Clock in the After- 


noon) this being done turn the Globe and 
bring any Places ſucceſſively to the Meri- 


dian, then the Index or Hour Pointer will 
2 ſhew 


Thus the Wooden Horizon will be a perfect 
Parallel to the real Horizon, the brazen 
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114 The firſt Principles of Sect. 19. 
ſhew the true Hour at the Place required. 

Thus when it is four a Clock in the After- 
noon at London it is almoſt five at Rome, 


near fix. at Conſtantinople, tis almolt halt an 


Hour paſt nine at Night at Fort St. George 
in the Eaſi-Indies, tis near Midnight at 
Pekin in China, tis eleven a Clock in the 
Morning at Jamaica, and a lictle paſt Not oon 


at Bar badbes. 


Problem IX. To rectify the Globe for the 


Zen th. 


After the former Rectification for the La- 


tends of the Place, faften the Edge of the 


Nut of the Quadrant of Altitude on its gra- 
duated ſide at the proper Degree of Latitude 


on the graduated fide of the brazen Meri- 
dian, and that will repreſent the Zenith of 
_ that Place 4 in the Heavens. 


The Quadrant of Altitude being thus 
faſtened ſerves to meaſure the Sun or Stars 
Altitude above the Horizon, and the Sun 


or Stars Azimuth ; and it has been ſfome- 


times (though erroneouſly) uſed to ſhew the 
Bearing one Place to another, as in the 


following Problem. 


Problem X. Any two Places line given, 
to find the Bearing from one to the other, 


1. e. at what Point of the Compals the One 
lies in reſpect to the other, 


The 


Sect. 19. Geography and Aſtronomy, 11 5 
The common Way whereby ſeveral Wri- 
ters have ſolved this Problem is this. Rec- 
tify the Globe both for the Latitude and 
for the Zenith of one of thoſe Places, and 
bring that Place to the Zenith. Then bring 
down the Edge of the Quadrant of Altitude 
to the other Place, and the End of the Qua- 
drant ſhall cut the Horizon in the true Point 
of the Compals, and ſhew how the one 
bears to the other. So it you rectify the 
Globe for the Latitude and Zenith of Bar- 
| badoes, you will find that Cape Finiſterre 
in Share, and Azoff in Muſcovy both lie in 
a direct Line North-eajt From Barbadoes, 

according to this Practice. 
But here let it be noted that though : ac- 
cording to this ſort of meaſuring they both 
lie North-eaſt from Barbadoes, yet they don't 
lie North-ea/t of one another; for if you 
rectify the Globe for the Latitude and Ze- 
nith of Cape Finiſterre you will find Azoff 
lies near Eaſt-North-eaſt from Cape Fini- 
terre, or more than two Points of the Com- 
paſs, (i. e. more than 22+ Degrees) different 
from the North eaſt. 
And if a Sailor or Traveller who is at 
Barbadoes ſhould every League or Mile of 
his Way, by obſerving the Compats, ſtill 
make toward the North. eaſt, he would 
come ſooner to the Hebrides or Weſtern 
Scots Iſlands than to Azoff, or even to 
{pe Finiſter re. Bur the Courſe that he muſt 
1 really 
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really ſteer to come to Cape Finiſterre is near 
North. eaſt and by Eaſt : And if he could 


fail all the way clear to Azoff from Barba- 


does he muſt ſteer ſtill much more to the Eaſft- 
ward : All which things ſhew the miſtake 
of ſolving this Problem in this manner. 

Perhaps this may be made yet plainer to 
a Learner if we name two Places which lie 
under the ſame parallel of Latitude, (v7z.) 
Madrid in Spain, and Pekin in China, La- 
titude 40. Now theſe muſt always bear 
directly Eaſt and Weſt from each other, 
Bur if you bring Madrid to the Zenith, and 
Having fix'd there your Quadrant of Alti- 
tude, you bend it down to the Horizon, it 
will not follow the Courſe of the 40˙ pa- 
rallel of Latitude and lead your Eye to Pe- 
kin, but to much more Southern Places ve- 
ry far diſtant from Pekin, and which have 
a very different Bearing, (viz .) to the Iſle 
of Ceylon, &c. 

Upon this Account the beſt Writers call 
that the Angle of Poſition between two 
Places, which is found by the Quadrant of 
Altitude thus fix'd at the Zenith of any 
Place, and drawn down to the Horizon : 
Bur they deſcribe the Rhumb or Courſe of 
Bearing from one Place to the other in a 
different manner, (v1z.) It is that Point of 
the Compaſs toward which any Perſon muſt 
conſtantly ſail or travel in order to arrive at 
the dijtant Place given. And without all 

* r 


' Sect. 19. Geography and Aſtronomy. 1 17 
doubt this is the moſt Juſt and exact Account 


of Things. 

Now in order to find this, tis ſufficient 
for a Learner to know that if any one of 
the Lines drawn from the Points of the Ma- 
riner's Compaſs marked on the Globe, (which 
are called Rhumò Lines) paſſes through both 
Places, that Line ſhews the Co•mcm3se or Bear- 
ing from one to the other, as the Courſe from 


Cape St. Vincent in Portugal to Cat Ifland 


| among the Babamia {jlands is Meſt and by 
- DoutÞ. 
If no Rhumb Line paſs through thoſe 


Places, then that Rhumb Line to which 


thoſe two Places lie moſt parallel, ſhews 

their Bearing: Thus the Courſe from Bar- 
 badoes to Cape Finiſterre is North- Eaſt and 
y Eaſt, or thereabouts. 


"If the Learner has a Mind to ſee the Rea- 


ſon why there muſt be ſuch a Difference be- 
twixt the Angle of Poſition between two 
Places and das Courſe of Bearing to eacho- 


ther, I know not how to repreſent | it upona 


flat Surface plainer than by Fig. XXI. 
Suppoſe the four Cardinal Points, North 
South, Eaſt and Weſt, are repreſence, on 


Sthe Globe by the Letters N. 8. W. E;: Sup- 


poſe three diſtant Places are B Ber Badoes, 
C Cape Finijterre, and A el If che 
Surface of the Earth were not Sp. nerical, but 
a Plane, and the Meridians of thete ! Faces 
5 Were all paralle} (as! 12 that Repreſentation 
3 90 
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or Projection of the Globe which is called 


Mercator's Chart) then their Angle of Poli- 
tion and their Courſe of Bearing would be 


the ſame: Then as N S is the Meridian of 


the Place B, ſo 1 would be the Meridian 


of the Place C (vig.) a ſtrait Line and pa- 
rallel to NS: Then the Line B CA would 


be the Line or Rhumb of Nortb-eaſt, (viz.) 
45 Degrees diſtant from NS; which would 
repreſent both the Angle of Poſition and the 


Cour ſe of Bearing between all the three Places 


B, C and A: For the Angle C A would 


be the ſame with the Angle NBA; and 


thus A would {till bear e from 


C and from B x. 


But the Earth being of a Spherical Figure 


and the Meridians meeting in the Poles, 
the Meridian of B on the Globe being 
brought to the Zenith is NS; the Meridi- 


an of C 1s the Curve Line N Cm; and 
the Meridian of A is the Curve Line NAZ; 
all which meet in N the North Pole. Now 


though the ſtrait Line B C A ſhews the 
Angle of Poſition between the three Places 


B, C and A, (as B ſtands on the Globe at 
the Zenith) yet the Line B C A does by no 


— ñꝗ —— —H—ñ— 


— — 


1 Aud. for this reaſon in thoſe hes: Charts 7 58 the Points 
of the Compats or Rhumbs are drawn in ftrait Lines quite 
through the Chart, the Meridians or Lines of Longitude are 
all made {trait and parallel Lines: For if the Meridians were a 
little curved as they are commonly in Maps, the Rhumbs could 
not be drawn through the Chart in ſtrait Lines. See Sec. XI. 
a4 Sea-Charts, Pag. 08. 


means 


Sect. 19. Geography and Aſtronomy. 119 
means make the ſame Angles, or has the 


ſame Bearing with the Curve Line N Cm 
(which is the Meridian of C) as it does with 
NS (which is the Meridian of B:) and it 


ſtill makes more different Angles with the 


Curve Line NA (which is the Meridian 
CWS! Tacos 
Thence it follows that all the Rhymb 
Lines muſt be a fort of Spiral Lines on the 
Globe, except the North and South, which 
is the Meridian, and the Equator with its 


Parallels of Eaſt and Weſt, which are 


Circles *. F np 
The North-eaft Line in this place muſt 
be B P x {till gradually inclining toward the 


ſeveral Meridians, that ſo it may make the 


ſame Angles with the Meridians N C and 
NAZ as it does with NBS. 
But by this means you ſee that to ſteer or 


travel ſtill to the North-eaft would bring 


ou down to P and x not to C and A. 
You ſee alſo that the Courſe you muſt 


ſteer or travel to come to A will be repre- 


All the other Lines of Zaft and Weſt beſides the Equator 
re Parallels of Latitude, and are lefler Circles. And tho' the 
Line of Eaſt and Weſi in this Figure be for the eaſe of a young 

_ Learner repreſented in a {trait Line, becauie tis a Parallel co 

the Equator, and if drawn round the Globe would be a per- 
fect Circle and run into it ſelf, yet it ſhould more properly be 

ſo far (curved as to cut all the Side-Meridians N and N . 
at right Angles as well as the Meridian of the Place N S. 
And thus they are commonly drawn in Maps of the World, 
wherein there is no Line of Eaft and Weſi drawn ſtrait beſides 


the Equator, 5 _ 
I Z ſented 


— a= FC 
NE 2 — 


D DP 


— — 
—_—_— ˖ — 
— 
c 
3 - —— - 
- _ = — 
9 2 — => 
Tx es = >; 


Ai 
— 
— 


— oe Wee w > a 


4 _- 
2 _— 72 2 
— T „ — 
— 2 — 


— 
— 


. . 
1 N 
1 * 4}, 
a 4 . 
1 F 4 0 
e 
— 122 2208 
* 3 j 
* _ 
| 32 
3 7 
5 4 if „ 
1-4 
1 
4 "Eh 
145 {+ 
9.4, 0 * * 
1 be 
bs 1 Mn : 
* 7 
* [1 4 
FLEA 4 ? 
(1 7 
$ 149 
$ 12 1 N 
<I% 1 [ 
. a3 Ly 
n F 
47 
2 at +8] 
, * 
* 4g 
I * 1 
1 #; 
: I” .. q 
"11 3% 8 
. 4 1 Wo, 
'=RBY 
4 þ » d 3 
14 
( 4 5 
k WT 
ei 
4 T's, 
11937 2-2 
I: 1 
WHT 
e 
SS 
* ' 14% 
+ itn 8 1 
e 
1 1 
1 
! 1 
we. an 
1+, © 
4. 3, Ss 
1 5 
Ie "I 
11 p J 
7 4 a 
- 237 Thy 4 
i 
7 L = 
2 L \ 
+48 
" ay 5 
* 4 4 i 
# = oF 
8 1 * 
i 1 
2 45 55 
* i 
4% 

„ ain 
1 
e 
e 
| 1, Rn 

WS 
+ "4s 
{Fa 
118% 2 1 
e 
Ii 1 
It; # 

+ Þ 17 . 

« 1 » 
| {+ Ret 
1 

ine 

* ö bis 1 j 

* 4 ets if 

WY i WM bw 

i 5 
1 17 I 1 

! 1 7 
; 11 
© -+ L WY, 

© þ$F 2108 K. 
1, 8 

bi: Fx ; * 

r 
1 * 

; 4 * n v 
71 7. 
. I's 4 

9 It 

10 n 
e 
: IA 3 
+. 1 
" y 
i 5 b . ra 
4 IY 's 
1,7 ne 
Ly 1 - 
3 3 
'4, * 3 
1 2 
1 4 1 
— 19 
* 
13-18 ii 
4.97, YT 

4 4 

* 14 3 

4 ME 5 

e 

N EI 
1. 
51.5” 08 4 
* -» yi! NY 
* — RRM 1 
1 
14) 4, IH 
Na 4 
N 171 1 
: 4 | qv 
3% {i 's 3 
4 * % * N 
t >. ke [ 
{T3 3h 
445 * 
1 1 
 #, HB 

14 [ g 

87 p j 
* 1 

1 7 

; ? 4+ 
S243 

4 4 nn 

r 

+ © 2 
e 1 
; . + wt * 
| 4 8 I 
11 74 <P 4 
795 1 
o . * 
1: £8. 
1 4 : 
: 
446 | 
11 
1 N 
** 
by 5 | 
4 4 
+6] bs 
i. 
i; ; 4.08 
if 0 
: y : 
e 
7 o 
$54 ; 
4 , 
ft 4.4 
A f 0 
ad: 1 N 
e 
BY nh 
a 
1 
s 2 ($4 ; 
ood A 
"T2 The ml 
oP 2 
1 Y 
1 .. 
EF, . 
1 / * 
An 44: 89 
4 : 113 
1 ; 1 
* of 
| 17 N 
e 
($0 20 
14-4. 1 WT! 
4 
0 ü * 
1 © 2} 44 
* 1 
13 . 
#748 6 ; : : 
RY | L ha 
4.5% BR 
27 4 5 
8 4 * 
A 0 
* ta: 4+ of 
Mr | 
ot * 0 
x! * 
1 
1 
+ IF! 

1 

N 1,99; 

1 . 

5 
Ra 
4 "7 

* s 
4 4 A 
4 
: ; 
. 8 4:6 4 
1 
1 1 

1 * is = 4 

wn 

1 " 1 10 

A 

118 5 
4 

» : BE 
LM ;F 
iin 1 

M's 5 | 

4; 1 

1 0 

q "v8 

| ; 0 

4 ne 

7 PRI!) > 
© 1 1: 84 BLM 

FRET 

1 

1 : 2a 4 

4. J 

* #1 i 


WT 


120 The rf Principles of Sec. 19. 


ſented by the Line B A, which is much 
nearer the Eaſt Point. : 
But this is ſomething too laborious and 


painful for every Reader to trouble his 


Thoughts with it. 


Problem XI. Having the Day of the 
Month given, to find the Sun's Place in the 
Ecliptich. 

Find the Day of the Month in the Calen- 
dar on the Horizon, (either Old Stile or 

New, which ſoever is required) lay a flat 

Rule on the Day of the Month, and over 
againſt it on the inner Edge of che Horizon | 

will appear both the Sign in which the Sun 

is, and the Degree of that Sign, as on the 

10") of May Old Stile, the Sun is juſt en- 
tering into the fir/t Degree of Gemini, which 

you may find in both the Globes on the E- 
cliptick Circle; and there you may alſo _ 
compute the Longitude of the Sun from 
the Point Aries if you pleaſe, 


eh XII. The Day of the Month being 
given, to find thoſe Places of the Globe where 
the Sun will be Vertical or in the Zenith tar 
Day. | 
Find out the Sun's Place in the Echiptick 
Circle; bring it to the Meridian; mark the 
Degree over it; then turn the Globe round, 
nd al] thoſe Places that paſs under that De- 
gree will have the Sun in their Zenith that 
Day. Pro- 
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Problem XIII. The Day and Hour of the 

Day at one place, (viz.) London being given, 
fo find at what other Place the Sun is V. ertical 
at that Hour. 

The Sun's Place for en ben ing g brought 
to the Meridian, and the Degree over it 
(7. e. the Declination being obſerved, bring 
the firſt place, 2. e. London to tlic Meridian. 
Set the Hour Index to the given Hour; and 
turn the Globe till the index come to the 
upper 12 (that is 12 at Noon) then the Place 
of the Earth that ſtands under the obſerved 
Degree of the Meridian has the Sun at that 
Moment! in the Zenith. 


Problem X1V. The Day and Hour at one 
Place, (viz.) London being given, to find all 
thoſe Places of the Earth where the Sun is then 
 rifing, ſetting, or on the Meridian, (which 
75 cald culminating) alſo where it is Day- 
light, Twilight, or Dark Night, © 
By the foregoing Problem find the Place | 
| We the Sun is Vertical at the Hour given: 
Rectify che Globe for the Latitude of that 
Place; bring that Place to che Meridian. 
Then all thoſe Places that are in the Weſt. 
Semi- Circle of the Horizon have the Sun 
riſing, for 'tis go Degrees from their Zenith. 
Thoſe in the Eaſt Semi-Circle of the 
Horizon have it /e:/;ng, for 'tis 90 Degrees 
paſt their Zen?6, 
I 4 IRE. 
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| To thoſe who live under the fame Line of 


Longitude or Upper-Meridian, tis Noon, if 
they have any Day at that time. 


To choſe who live under the oppoſite Line 


of Longitude or Lower Meridian 'tis Mid- 
night, if they have any Night at that time. 


Thoſe Places that are above the Horizon : 


| have the Sun above their Horizon ſo many 


Degrees as the Places themſelves are. 
Thoſe Places that are under the Horizon 

but within 18 Degrees, have Twilight, 
And with thoſe who are lower than 18 

Degrees 118 Dari Vw: 


Probiem XV. A Place hi given 71 the 7; 
Torrid Zone to find thoje two Days n which 


he Sun ſhall be Vertical there. 


Bring the Place to the Meridian; mark 
the Degree over it, which is its Latitude ; 


move the Globe round and obſerve theſe 
two oppoſite Points of the Ecliptick that 


paſs through the aforeſaid Degree; ſearch 


on the Wooden Horizon on what two Days 
the Sun paſſes through thoſe two Points of 


the Ecliptick, for then the Sun at Noon will 
be in the Zenith of the Place given. 


Problem XVI. A Place being given in one 
of the Frigid Zones ſſuppoſe the N Vorth to find 
when the Sun begins to depart from or to ap- 


pear on that Place, how long he is abſent, and 


how long be fhines contantly upon it. 
Sup- 
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FBayuppoſe the Place given be the North 
Cape of Lapland 71 Degrees of Latitude. 
Rectify the Globe for that Place, or elevate 
the Pole 71 Degrees; then turn the Globe 
till the deſcending part of the Ecliptick, 
the Meridian and South Point of the Hori- 
Zon meet together: Thus the Ecliptick will 
ſhew that the Sun toward the End of Scor- 
pio (that is a little after the beginning of No- 
vember) goes below the Horizon e and 
leaves chat part of Lapland. 
Then turn the Globe a little farther till 
the aſcending part of the Ecliptick meet 
the Meridian in the fame South Point of 
the Horizon, and it will ſhew that about 
the ninth or tenth Degree of Aquarius, that 
is, after the middle of Fanuary the Sun be- 
gins to riſe above their Horizon. Thus 
they are at leaſt two Months without the 


Sun in IWinter. 


In like manner bring the aſcending part of 
the Ecliptick to meet the Meridian in the 
North Point of the Horizon, there you will 
find that the Sun begins to be entirely above 
their Horizon toward the End of Taurus, 
or near the beginning of May; and if you 
turn the Globe a little farther the deſcen- 

ding Ecliptick will meet the Meridian and 

Horizon in the North at the 8 or gf De- 
gree of Leo or after the middle of July 

Thus it appears that thoſe Laplanders will i 
| have che Sun at leaſt two Months above 


their 
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124 The firſt Principles of Sect. rg, : 
their Horizon in Summer, or two Months | 
of compleat Day-light. 


Problem XVII. To find the 5 uns Decli- 


nation and Right Aſcenſion any Day in the 
Tear: Suppole the tenth of May. 


Find out the Sun's Place for that Day, o 
the beginning of the firſt Degree of Comin: 


on the Ecliptick; bring that Point of the 
_ Ecliptick to the Meridian, and the Degrees 
numbred on the Meridian will ſhew the 
| Sun's Declination, (6) 20 Degrees 


Northward. 
At the ſame time the Place where the 


Meridian cuts the Equator will ſhew the 
Right Aſcenſion of the Sun, or its Diſtance 


from the Point Aries on the Equator, (big.) 
59 Degrees. It is marked uſually in De- 


grees on the Globe; if you would turn it 
into Hours, divide it by 15 and it amounts 


to three en 14 which 1s 50 Minutes. 


Note, That any Szar's Declination and 
Right Aſcenſi on are found the fame way by 
bringing it to the Meridian. 5 

Remember the Sun's 1 is al- 


ways North in our Summer half-Vear from 


the 109 of March, and Southward in our 


Winter half-Vear from the 12" of Sep- 


tember. 


.- Problem XVIII To 10 0 the Glebe for 
the Sun's Place, any Day in the Year, and 
thus to repreſent the Face of the Heavens 


Fer that Day. Bring 
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Bring the Sun's Place found on the E- 


5 cliptick of the Globe to the Meridian; and 


at the ſame time ſet the Hour Index or 
Pointer of the Dial to the upper 12, that 
is, to Noon. 


Note, When the Globe i is thus reftified 


| fo the Latitude of the particular Town or | 


City by Froblem 7**, and oy the Zenith of 
it by Problem 9, and for the Sun's Place 
in the Ecliptick that Day by this Problem 


18" 'tis then fitted to reſolve moſt of the 
following Problems, for then it moſt exact- 
ly repreſents the real Face and State of the 


Heavens for that Day. 
Here let it be ob{crved that this Practice 


does really repreſent the Face of the Hea- 
vens only for that Day at Noon, (when the 
Aſtronomers Day begins ;) and not for all 
the following Hours of the Day; becauſe 
the Sun is every Moment changing his | 
Place a little in the Ecliptick. Bur 'tis 

_ cuſtomary and 'tis ſuicient for Learners to 


make this go for a Kepreſentation of the 
Heavens for all that Day, to perform any 
common | Operations. 


Problem XIX. The Place and Day being 
given, (viz. May 10'* at London) to find at 


what Hour the Sun riſes or ſets, his aſcen- 


| fional Difference, his Amplitude, the Length 
f Day and Nizh A 


Rectify 


— 
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Rectify for the Latitude, and for the 
Sun's Place, then bring the Sun's Place 
down to the Eaſtern Part of the Horizon, 
and the Index will ſhew the Time of Sun 

riſe on the Dial, (viz.) five Minutes after 
four in the Morning. Bring the Sun's Place 
to the Weſtern ſide of the Horizon, and the 
Dial will ſhew the Hour of Sun ſetting, (v1z.) 
five Minutes before eight at Night. 

Thus his Aſcenſional Difference will ap- 
pear, that is, how long he riſes or ſets be- 
fore or after ſix a Clock, which by one Hour 


and g5 Minutes. 


Thus alſo his Amplitude will appear in 
the Horizon to be almoſt 34 Degrees to che 


North of the Eaſt. 


The Hour of the Sun's riſing doubled 
gives the Length of the Night, (viz.) eight 


Hours and 10 Minutes; and the Hour of 
the Sun's ſetting doubled gives the Length 


of the Day, which will be 16 Hours want- 


ing 10 Minutes, z. e. 15 Hours $6 Minutes. 55 


Problem XX. The Place and Day being 


given, to find the Altitude of the gun at any 


given Hour, 

Rectify for the Latitude, for che Zenith 
and for the Sun's Place : Bring the Qua- 
drant of Altitude under the Meridian, and 
it will meet the Sun's Place in the Meridi- 
an Altitude of the Sun that Day, and thus 


ſhew now high it is at Noon, Turn. 
1 
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Turn the Globe till the Index point to 
any other given Hour on the Dial, then ob- 
— where the Sun's Place is, bring the 
Quadrant of Altitude to it, and it will ſhew 
the Sun's Altitude at that Hour : Thus May 
lo at London the Sun's Meridian Altitude 
will be a little above 584 Degrees, and at 
92 Clock in the Morning will be 434. 


Problem XXI. The Place and Day . 
given, to find the Azimuth of the Sun at 
any given Hour, 

Rectify the Globe for the Latitude, the 
Zenith and the Sun's Place: Then turn the 
Globe till the Index point to the Hour 
given; then obſerve the Sun's Place; bring 
the Edge of the Quadrant of Altitude down 
upon it, and it will cut the Horizon in the 
Azimuth of the Sun, or ſhew what Point 
of the Compaſs the Sun is in. Thus May 
10" at 20 Minutes paſt ꝙ in the Morning, 
the Sun's Azimuth will be abour 60 De- 
grees from the Scuth toward the Eaſt, that 
is, near South Faſt and by Eoft. 


Problem XXII. 7 be Sun's Altitude being 
given at any certain Place and Dar, to find 
be Hour of the Day, and alſo his . 
Rectify as before for the Latitude, the Zc- 
nith and the Sun's Place: Turn the Globe, 
and move the Quadrant of Altitudes fo tha 
the 
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the Sun's Place may meet the Degree of Al- 
titude given on the Quadrant, then the In- 
dex will ſhew the Hour on the Dial; and the 
Quadrant of Altitude will cut the Azimuth 
on the Horizon, Thus May 10" in the 
Morning, if the Attitude be near 46 De- 
grees the Az712u7 from the South will be 
60, and the Hour 20 Minutes paſt . 
Here Note, Thar to find the Sun's Hour 
or Azimuth by his Altitude, you ſhould ne- 
ver ſeek it too near Noon, becauſe then 
the Altitude alters fo very little for two 
Hours together, 


[Problem XXIII. When the Sun is due 
Eaſt or Weſt in Summer how to find the Hour, 
and his Altitude. | 
Rectify as before; then bring the Qua- 
drant to cut the Eaſt or Weſt Poim of the 
Horizon, and turn the Globe till the Sun's 
Place in the Ecliptick meet the Edge of the 
Quadrant. Thus the Quadrant will ſhew 
the Altitude, and the Index will point to 
the Hour: Thus May 10" in the Afternoon 
the Sun will be due Weſt at about 56 Mi- 
nutes paſt 4; and its Altitude will be near 
26 Degrees. This is called the Vertical 
Altitude by ſome Writers. | 
Thus if the Place and Day be known; and 
either the Hour, the Azimuth or the Alti- 
tude be given, you may cally find the other 
two. Pro- 
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Problem XXIV. To ind the Degree of 


the Depreſſi ion of the Sun below the Horizon, 
or its Azimuth at any given Hour of ths: 


Night. 


Obſerve the Place of the Sun, ſuppoſe 
May 10" in the firſt Degree of Gemini, then. 
ſeek his oppoſite Place in the Ecliptick at” 7 


half a Year's Diſtance, (vs.) the firſt De- 
gree of Sagittary on the 12th of November; 


this being done ſeek the Altitudes, the | 


Azimuths, and the Hours juſt as you pleaſe 

for that Day, and they will (hew you what 

are the Sun's Depreſfions, Azimuths and 
Hours on the 10" of May at Night “. 


Problem XXV. To find how long 77 e _ 


light continues in any given Place and give 


Day, ſuppoſe the 1oth of May at London 


both at Morning and Evening. 


The Way to anſwer this Queſtion is to 
ſeek how many Hours or Minutes it will 


be after Sun ler, e'er the Sun be depreſt 
18 Degrees below che Horizon in that 


Place on the 10 of May: And ſo before 


Sun riſe for the Morning Twilight. This 


0 O — 
—— 


ere The Reaſon why we uſe the 3 part of the 

Globe to find the Degrees of Depreſſion of the Sun, is be- 
cauſe the Wooden Horizon is fo thick, that we cannot conveni- 
ently ſee, obſerve, or compute the Diſtances of Depreſſion 
from the Upper-Edge of it, Which Edge | is the true Repre 
ſentative of the real Horizon. 
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is beſt peter by ſeeking how long it 


will be after Sun riſe or before Sun ſet on 


the 12th of November that the Sun will have 


18 Degrees of Altitude, Which is done by 
the foregoing Problem. 
Note, That from the 15th of May to the 


th of July at London, there is no dark 


Night, but conſtant Twilig ht : For during 
this Space the Sun is never depreſt above 
18 Degrees below the Horizon. 


Problem XXVI. To hnow by the Globe 
the Length of the longeſt and Porte Days 
and Nights in any Place of the World. _ 

Remember that the Sun enters the firſt. 
Degree of Cancer on the longeſt Day at all 
Places on the North fide of the Equator, 
and the firſt Degree of Capricorn on the 
South ſide: Alſo remember that he enters 
the firſt Degree of Capricorn the ſhorteſt 
Day in all Places of the Nortbern Hemiſ- 
phere, and the firſt Degree of Cancer in the 
Southern: Then rectify the Globe for the 
Latitude and Sun's Place, and find the Hour 
of Sun riſing, which doubled ſhews the 
Length of the Night: And the Hour of the 
Sun ſetting doubled ſhews the "gen ot 
the Day as in Problem XIX. 


Probier XXVII. The Declination and 
Meridian Altttude of the Sun or of any 
— EE IT, 
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Star being given, to find the Latitude of 


the Place. 
Mark the Point of Dictation on the 


Meridian as it is either North or South from 
the Equator ; then ſlide the Meridian up 
and down in the Notches rill the Paint of 


Declinatlon be ſo far diſtant from the Ho- 


rizon as 15 the given Meridian Altitude. 
Then 1s the Pole elevated ro the Latitude 


ſought. 


Thus where the Sun or any Star's Meri bs” 
dian Altitude is 58: Degrees, and its De- 
clination 20 Degrees Northward, the Lati- 
tude of that Place will be 511 Degrees 


North. See more Problem VII, VIII, IX. 
.S00h, XX. 


Note, There are FIRE tew Problems 


which relate to the Sun and to the Hour, 
which may be performed on the Globe 


when the Sun ſhines, tho' not with any 


great Exactneſs. yet ſutficient for Demon- 


tration of the Reaſon of them as follows. 


—_ Problem XXVII. The Latitude of a Place 
betiia given, to find the Hour of the Day in 


the Summer when the Sun ſhines, 


Set the Frame of the Globe upon a Plane 


perfectly Level or Horizontal, and ſer the 
Meridian due North and South; both which 
are difficult to be done exactly, even tho 
you have a Mariners; Compaſs by you: 
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Then re&ify the Globe for the Latitude, 
and the iron Pin of the Pole will caſt a 


Shadow on the Dial and ſhew the true 
Hour. For when the Globe is thus placed, 
the Dial Plate with the Pole in the Centre 


of it is a true Equinodial Dial for our 


Summer Half-Year, when the Sun is on the 


North fide of the Equator. 


The ſame may be alſo done in the Min- 
ter Hal- Tear by depreſſing the North Pole 


as much below the South Part of the Ho- 


rizon as 1s equal to the Latitude of the 


Place; for then the Dial Plate is a proper 


Equinoctial Dial for the Winter Half. Year: 


But this is not ſo commodiouſly performed, 


| though the Reaſon of it 18 che ſame as che 
former. 


bie XXIX. 7 find rhe Sun' 5 Att 
tude when it ſhines, by the Globe. 5 

Set the Frame of the Globe truly Hori- 
zontal or Level; turn the North Pole to 
the Sun; move the Meridian up and down 
in the Notches till the Axis caſt no Shadow ; 
for then it points exactly to the Sun, and then 5 


the Arch of the Meridian between the Pole 


and the Horizon ſhews the Sun's Altitude. 


Problem XXX. The Latitude and Day of 
the Month being given, to find the Haus of 


Let 
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Let the Globe ſtand on a Level, and the 
Meridian due North and South; rectify 
the Globe for the Latitude and for the Sun's 
Place; ſtick a Needle perpendicular to the 
Sun's Place on the Globe ; turn the Globe 


about till the Needle point directly toward 
the Sun, and caſt no Shadow; then will 


the Index ſhew the Hour of the Day. 

_ I proceed now to ſhew ſome Problems 79 
be performed by the Stars u upon the Heaven- 
ly Globe. 


"Problem XXXI. The Place being given, 


to find what Stars never riſe or never ſet 


in that Place. 
Rectify the Globe for the Latitude; ; turn 


it round, and obſerve that ſuch Stars as 


don't go under the Horizon during its Whole 


Revolution, do never ſet in the Place given; 
and ſuch Stars as riſs not above the Hori- 
zon of the Globe during its whole Revo- 


lution, they never riſe in the Place given, 


nor are ever ſeen by the Inhabitants thereof: 
| So the little Bear, the Dragon, Cepbeus, 


Caſſiopea and the great Bear never ſet at 


London, and many of the Southern Conſtel- 


lations never riſe. 


Problem XXXII. The Place and Day of 
8 the Month being given, to repreſent the Fac: 


or Appearance of the Heavens and Der- 
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the Situation of all the fixed Stars at any 
Hour of the Night. 

Set the Globe exactly North and South : 
Rectify it for the Latitude, and for the 
Sun's Place; then turn the Globe till the 
Index points to the given Hour. Thus eve- 
ry Star on the Globe will exactly anſwer 
the Appearance of the Stars in the Heavens; 
and you may ſee what Stars are near or on 
the Meridian, which are riſing or ſetting, 
which are on the Eaſt or Weſt fide of the 
Heavens. Thus October 13th at 10 a Clock 
at Night the glorious Conſtellation Orion 
will appear on the Eaſt ſide at London, the 
Star Regel in the left Knee (or Foot) of 
Orion Juſt above the Horizon, the three 
Stars in his Girdle a little higher, &c. This 
repreſents the Face of the Heavens at Night, 
as Problem XVIII. does in the Day. 

Note, This Problem is of excellent Uſe 
to find out and know the ſeveral Conſtel la- 
tions, and the more remarkable Stars! in each 
Conſtellstios. i. 
Here follow ſeveral Problems to find the 
Hour of the Night by the Stars. 


Problem XXXIIII. Any Star on 1 

Jian being given, to find the Hour of the 
Night. 

In order to find what genre are upon the 


Meridian at any Time, it is good to have 
a Me- 
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a Meridian Line drawn both in a North and i 
in a South Window; that is, a Line pornt- 1 
ing exactly to the North and South : Then \8 
ſet up a broad ſmooth Board of 20 or 24 1 
Inches high and 8 or 10 Inches broad; Y 
place it perpendicular on the Window with ti 
its lower Edge on or parallel to the Meri- + 
dian Line ; and fixing your Eye at the up- # 
right neareſt Edge of the Board, and glanc- x 
ing along the plain Face of it, you will ea- 4 
ſily obſerve what Stars are on the Meridian, i 
either North or South at that Time ®, „ 
HFaving found what Star is on the Meri- i 
dian, rectify the Globe for the Latitude, 1 
and for the Sun's Place that Day; then * 
bring the Centre of the Star which is on the oh 
Meridian in the Heavens to the Edge of the 6 
brazen Meridian of the Globe ; and the In- Th 
dex will ſbew the time of Night on the 0 
North fide of the Dial among the Even- i 
ing, or Midnight, or early Morning Hours, 4" 
Mote, How to draw a Meridian Line, ſee Fl. 
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And let a ſtrait Line be drawn from the top to the bottom of — 70 
the Board, through the middle of it, parallel to the Sides: 1 

Fix alſo a Pin in the upper Part of this Line near the top of — of 
'® 


this upright Board, on which hang a Thread and Plummet to 
play looſe in a Hole near the bottom to keep it perpendicular. 

Then the Thread hanging almoſt cloſe to the Board will direct 
your Eye to the Stars on the Meridian, 
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Problem X XXIV. The Azimuth of any 
known Star being given, to find the Time of 


Night. 


The Method ] juſt before propoſed will 
eaſily find the Azimuth of any Star. Set 
this tall flat Board perpendicular on the 
Window with one End of it upon the Me- 
ridian Line drawn there, ſo as that your 
Eye may juſt ſee the Star in the very Edge 
of the Plane of this Board; then a Line 
drawn on the Window by the Foot of the 


Board will croſs the Meridian Line in the 


true Anglo of its Azimuth, or its Diſtance 


from the North or South. 


Having found the Azimuth of the Star, : 
rectify the Globe for the Latitude and for 5 


the Sun's Place as before; reQify it alſo 


for the Zenith, and bring the Quadrant of 
Altitude to the Azimuth of the Star in the 
Horizon ; then turn the Globe till the gra- 
duated Edge of the Quadrant of Alticude 


cut the Centre of that Star, and the Index 
will ſhew the Hour of the Night upon the 
Dial Plate. 


Note, That if you have a Meridian Line 


drawn on a Window, you may find by ſuch 


Methods as theſe wihes the Sun is in the Me- 


ridian, and what is its Azimuth at any Time. 


Problem XX XV. The Altitude of a Star 


being given, to find the Hour of the Night. 


Note, 
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Note, That the Altitude of the Star muſt 
be found by a Quadrant or ſome ſuch In- 
ſtrument: But remember that if you would 


find the Hour by the Altitude of a Star, 
you muſt never Chooſe a Star that is too 


near the Meridian; becauſe for almoſt two 
Hours together the Altitude varies very lit- 
tle when it is near the Meridian. 


Rectify the Globe as before for Latitude, 


Zenith and Sun's Place; move the Globe 


and the Quadrant of Altitude backward or 
forward till the Centre of that Star meet 
the Quadrant of Altitude in the Degree of 


Altitude which is given, then the Index 


will point to the true Hour. 
Note, Theſe three laſt Problems being 


well underſtood will ſhew you how to find 
at what Hour any Star will riſe or ſet any 
Day of the Year ; what Scars are or will 


be upon the North or Souch Meridian ar 


any Hour given; what Stars are in the Eaſt 
or the Weſt, or on any Points of Azimuth 


ar any time of the Night; and what Al- 


titude they have at that Hour, or at that 


Azimuth. 


Problem XXXVI. Ts find the Latitude 


and Longitude of any Star : Al fo its Rigie 
Aſcenſion and Declination. 


Put the Centre of the Quadrant of Alti- 


| tude on the proper Pole of the Eclipuic., 
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whether it be North or South ; bring its 
graduvated Edge to the given Star 3 then 
| that Degree on the Quadrant is the Sfar's 
Latitude ; and the Degree cut by the Qua- 
drant on the Ecliptick is the Star's Longi- 
| Zude, Thus the Latitude of Ar&urus is 31 
Degrees North : Its Longitude is 200 De- 
_ erees from the point Aries or 20 Degrees 

from Libra. The Latitude of Sirius or the 
Dog-Star is near 40 Degrees of South La- 
titude, and its Longitude is about 100 De- 
grees from Aries or 10 Degrees from 
Cancer. 

To find a Star's Right en n and De- 
clination, ſee Problem XVII. for it is done 
the ſame Way as that of the S %%; only ob- 
| ſerve this Difference, that the San changes 
both his Right Aſcenſion and his Declinati- 
on every Day, whereas the fixt Stars have 
the ſame Right Aſcenſion and Declination 
all che Days i in the Year. 

Remember alſo that the fixt Stars every 
Day in the fame Year keep the ſame Lon- 
gitude and Latitude, as well as the ſame 
Right Aſcenſion and Declination * ;, but the 
Planets are ever changing all theſe, and the 


. 


--* 'The :nſenſible Change of the 1 Right * 
ſion, and Declination of the fixt Stars, made by their flow 


_ parallel to the Ecliptick i is not worth notice in this 
1 7 acc | 


Learner 


| Learner can know none of them but b 
ſome Almanacks which are called Epheme- 


rides, or Tables which are calculated on 


Purpoſe to ſhew the Longitude and Lati- 
tude, or the Place of the ſeveral Planets 


among the twelve Signs of the Zodrack 
_ every Day 1 in che Year. 


Problem XXXVIIL To find the Place of 


any Planet on the Globe: Alſo to find at 


what Hour any Planet, (ſuppoſe Jupiter) 


will riſe or ſet, or will be upon the Meridi- 
an any given Day of the Year. 


You muſt firſt find out by ſome Ephe- 
meris what Degree of what Sign Jupiter 
_ poſſeſſes that Day of that Year: Mark that 


Point on the Ecliptick either with Chalk 
or with a Pencil, or by ſticking on a little 
black Patch; and then for that Day and that 


Night you may perform any Problem by 


that Planet in the ſame manner as you did 
by a fixed Star. 


But it you, would be very exact you muſt : 


not only ſeek the Planet's Place in the 


Sign for that Day, which is its Longitude, 
Wu you mult ſeek its Latitude alſo in the 
Ephemeris (which indeed in the ſuperior 
Planets Jupiter, Saturn, Mars, alters but 
very little for whole Months together) and 


thus ſet your Mark in that Point of Lati- 


rude, or Diſtance from its ſuppoſed Place 
in 
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in the Ecliptick, whether Northward or 
Southward, and then go to work your Pro- 


blem by chis Mark. 


I ſhall give but one Inſtance, which will 
ſufficiently direct to ſolve all others of the 


ſame kind that relate to the Planets. On 


the 30 of April 1723. I find by an Epheme- 


ris that the Sun is about the End of the 2359 
Degree of Aries, Jupiter enters the 8. De- 
gree of Capricorn, and (if ] would be very 


exact) I obſerve alſo that the Latitude of 
Fabiter that Day is 15 Minutes or a quarter 
of a Degree to the North : There I make 


a mark or put on a imall black Patch on 


the Globe to ſtand for Jupiter. Then hav- 
ing rectified the Globe for the Latitude v. c. 


of London, and for the Sun's Place, April - 


the 30 I turn the Mark which I made for 
Tufiter tothe Eaſtern Edge of the Horizon, 
and I find Jupiter will rife near the South 


Eaſt at a little paſt one in the Morning: 


Je weill come to the Meridian at a very lit- 


tle paſt five: He will ſet near the South 
l eſt about nine in the Morning. 


Then if I rectify the Globe for the Ze- 


nith, the Quadrant of Altitude being 


brought down to the Horizon, will tell you 
what is his Altitude and what his Azimuth 
2t any given Hour of the Morning, by the 
help of the Dial and Index. 

7 


Or 
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Or his Altitude or Azimuth being given 
you may find what 'tis a Clock. 
By this Means you may find che Hour 
when the Moon will riſe and fer, together 
with her Southing, or the time of her com- 
ing to the Meridian. But let it be noted 
that the Moon changes her Place in the 
Zodiacꝶ ſo ſwiftly that ſhe moves thro' 13 
Degrees of one Sign every Day or there- 
about; and therefore you can't find on 
preciſe Hour and Minute of her 7:/ing, / 
ting, ſouthing, &c. upon the Globe 8 
much more trouble than moſt of the other 
Planets will give you, which change their 
Places in the Zodiack much more ſlowly. 


Problem XXXVIII. The Day and Hour 
of a ſolar Hclipſe being known, to find all 


thoſe Places in which that Eel 10700 be 
v1/ible. 

By the XY Problem find out at what 
Place the Sun as vertical at that Hour of the 
Day. Bring that Place to the Pole or ver- 

tical Point of the Wooden Horizon, that is, 
rectiſy the Globe for the Latitude of that 
Place ; then the Globe being in that Sicua- 


tion, obſerve what Places are in the upper 


Hemiſphere, for if it be a large Ecliple the 
Sun will be viſibly eclipſed in moſt of them, 


Problem XXXIX. The Day and Hour of 
a Lunar Kc ple being known, 10 find by tue 
Glebe 
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142 The firſt Principles of Sect. 19. 
| Globe all thoſe Places in which the Jame 
vill be viſible. 
Buy Problem the 13" find as before at 
what Place the Sun is vertical at that Hour; 
then by Problem the 4 find the Anti podes 
of that Place: Rectify the Globe for the 
Latitude of thoſe Antipodes; thus they will 
be in the Zenith, or in the Pole of the Ho- 
rizon; chen obſerve as before what Places 
are in the upper Hemiſphere of the Globe, 
for in the moſt of thoſe Places the Moon 
will be viſibly eclipſed. : 
Ihe reaſon of rectifying the Globe for 
the Anti podes in this Problem, is becauſe 
the Moon muſt be directly 5 8805 to the 
Sun whenſoe ver ſhe is eclipled;. 


SECT. bod 


; Problems ET I to Geography and Aftro- 
nomy Yo be performed by the Uſe of the 
KW nos Scale and Compaſſes. 


T is ſuppoſed that the Reader is already 
acquainted with ſome of the firſt and 
eaſieſt Principles of Geometry, before he can 
read with Underſtanding this or any other 
Treatiſe of Aſtronomy or Geography; and 
it is preſumed alſo that he knows what is a 
Chord, a Tangent and a Sine, and how to 
make and to meaſure an Angle either by a 
Line 
2 


Sect. 19. Geography and Aſtronomy. 143 
Line or Scale of Chords, or Sines or Tan- 
gents, in order to practiſe the Problems of 
this laſt Section; tho' a very ſlight Know- 
| ledge of theſe things is ſufficient for this 
| Purpoſe. 
Becauſe ſeveral of the following Problim 
will depend upon the Altitude, or Azimuth 
of the Sun, and in order to obtain theſe, 
we ſometimes uſe a Pin or Needle fixed 
perpendicularly on an upright or Horizon- 


tal Plane; therefore the firlt Problem pro- 
0 poſe ſhall be this, (vis. ) ; 
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"Problem. I. How to fix a Needle . 
cular on a Plane, or to raiſe a perpendi- 
cular Style or Pointer in order to make Ob- 
fervations of a Shadow. 

_ Note, Any thing fixed or let up to caſt a 
Shadow is called a Style. 
One Way to perform this, is by having 
at Hand a Joyner's Square, a while one 
Edge of it is laid flat to the Plane, the other 
Edge of it ſtanding up will ſhew when a 
Needle or Style is fixed on that Plane per- 
vendiculacly, if it be apply'd to the fide of 
the Needle. 
Note, If you have a little Square made of 
Box or any hard Wood, one Leg being tix, 
or the other eight or nine Inches long, one 
Inch or 1 broad, and an Inch thick, with a 
| Thread and I 2 hanging from che land 
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de: The firſt Principles of Sect. 19. 
of one Leg, down toward the Place where 
the other Leg is joined, as in Fig. XIV. and a 


large hole for the Plummet to play in: It 
will be of Uſe not only to ſhew you how to 


ere a Needle truly perpendicular; but it 
will alſo diſcover whether any Plane be truly 
ſmooth, and be Horizontal or Level, as 
well as whether any upright Plane be ex- 


actly perpendicular to the Horizon. 


Such a Sguare will alſo be very uſeful in 
the practice of any Geometrical Problems 


by drawing one Line perpendicular to ano- ; 
ther with the greateſt eaſe, _ 


Another Way to fix a Needle perpendi- 


cular to any Plane, is this; Deſcribe a Cir- 


cle as a, o, d, b, in Fig. XV. Fix Needle 
SP in che Centre p, then meaſure from ſe- 
veral oppoſite parts of it, as @, , d, %, to 
the tip of the Needle, 5, and faſten the 


| Needle fo as that the tip, s, ſhall be at equal 


Diſtance from all thote Points, chen it 15 


truly perpendicular, 


Note here, That in moſt of theſe "FLY 
tices where a perpendicalar Needle is re- 
quired, the fame End may be attained by a 
Needle or Wyre ſtrait or crooked, which 
may be call'd a Szyle, fer up floping at 
Random as in Fig. XVI. without the 
Trouble of fixing it - perpendicular, if you 
do bur find the Point þ on the Plane, which 


lies perpendicularly under the tip of the 


Style 
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Style s, and this may be found by applying 


the Edge of the Square, deſcrib'd Fig. XIV. 
to the tip of the Style: Tho' there are 
other Ways to find this perpendicular Point 


for nice Practices in Dialling by SPadows, 
which require great Exactneſs. 

But take notice here, that if you uſe this 
Method of a Style ſer up ſloping at random 
as in Fig, XVI. then with your Compaſſes 
you muſt meaſure the Diſtance from the 


tip of the Style s to the point p, and that 
Diſtance muſt be ebene and uſed as the 
Length of the perpendicular Style 8% in 


Fig. XV. whereſoever you have Occaſion 
to know or uſe the Length of it. 


Obſerve alſo, that if the tip of your Style 


(whether ſtrait or crooked) be more than 
three or four Inches high from the Plane, 
vou will ſcarce be able to mark the Point 


of Shadow exactly, becauſe of the Pen- 


umbra or faint Shadow which leaves the 

Point or Edge of a Shadow undetermin'd, 
On a Horizontal or Level Plane vou 

muſt uſe a much ſorter Style when the Sun 


is low, or in Winter, becauſe the Shadow 


18 long; but in the longeſt Days in Summer 
a four Inch Style is ſufficient, tho' the Sha- 
dow at that Seaſon be very ſhort all the 
middle Hours of the Day. From the tip 
of the Style to the tip of the Shadow ſhould 
never be above ſix Inches diſtance. 


After 
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146 The firſt Principles of Sect. 19. 
After all, If you have frequent Occaſion 
for a perpendicular Style to obſerve a Sha- 
dow by it, I know nothing eaſier than to 
get a ſmall Priſm of Wood, or Ivory, or ra- 
ther of Braſs, ſuch as is deſcribed Fig. XVII. 
Let the Boſe be a right angled Triangle 
ABC: The Line BC an Inch: AB two 
Inches: And let the Height of the Priſm, 
(viz.) AD or CE be three Inches (or near 
four Inches if you pleaſe) By this means 
you obtain three perpendicular Styles of 


different Lengths, according as you want 


the Shadow to be either longer or ſhorter, 
in Summer or in Winter. | 
If you ſer it upon the Square fide ABD 
O, your perpendicular Style will be BC: 
or OE; If it be BC, then C is the tip of 
the Style and B marks the Point on the 
Plane. If you ſer it on the Square fide BC 
OE as it ſtands in the Figure, then AB, or 
D O is your perpendicular Style. Or if you 
ſet it on its Triangular Baſe ABC, then 
either AD, or BO, or CE will be your 
perpendicular Style. 

This little plain Priſin has chele great 
Advantages in it (vis. ) That you can ſet it 
up in a moment on a perfectly ſmooth Plane, 
and you are ſure it is perpendicular to the 
Plane ; and then if you require it to ſtand 
there any time, and it ſhould happen to be 

moved, if you have bur fix'd and mark d 


its 
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its place by the lower Edges on the Plane, 
and remember which Edge you defign'd for 


the Style, you may ſet it . in the ſame 


Poſition again. 


Problem II. How 70 PRE the Altitude of 


the Sun by a Needle fix d on an Horizontal 
Plane, or by any perpendicular Style. 


In all theſe Practices be ſure that your 
Plane be truly Level or Horizontal, which 


you cannot well know without ſome ſuch 

Inſtrument as I have deſcribed before, Fig. 

XIV. which ſerves inſtead of a Level. 

| You mult apply this Inſtrument or Square 
not only to one part but to every part of 
the Plane, whereſoever you can imagine 

the Shadow will fall, to ſee if it be preciſe- 


ly Horizontal or Level : For a very ſmall 
Variation from the Level wil cauſe a great 


Difference in the Length and in the Point 
of Shadow; and upon this Account there 
are few Window-Stools, or any Boards or 
Poſts fix'd by the Common Work of Car- 
penters ſufficiently Level tor a juſt Obſerva- 
tion in Aſtronomy or Dialling. 
Fix your perpendicular Style P 8, as in 
Fig. XVIII. obſerve the Point of Shadow 
C caſt from the tip of the Style S: Draw 
PC: Then take the Heightof the Style P 5 
in your Compaſſes; ſet it perpendicularly 
on PC; draw the Line S C on the Plane, 
L and 
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and che Angle C is the Sun Altitude, (viz.} 
35 Degrees. 

Here ic is evident that if you ſuppoſe GC 
the Centre and CP to be the Radius, then 
PS is the Tangent of the Altitude 35 De- 
grees; for it a the Angle C or the 


Arch PA. But if you make S the Centre, 
and ſuppoſe SP to be the Radius of a Gir- 


cle, CP is the Tangent of the Coaltitude of 


the Sun, (v2.) 55 Degrees, for 'tis that 


Tangent which meaſures the Angle 8 or the : 
A 
Hence it will follow that if you fix a per- 


pendicular Needle, Pointer or Style, on any 
HJorizontal Plane, and divide a Line, as P 
C, according to the Scale of Tangents, 

whole Radius ſhall be P S, beginning at 

P towards C, and make this Line of Tan- 


gents moveable round the Centre P, the 
Shadow of the Style will ſhew you che Co 
altitude of the Sun at any time on that 


moveable Scale of Tangents. 


Or if the Scale of Tangents P C be di⸗ 
vided on the immoveable Horizontal Plane 
it ſelf, and you deſcribe concentric Circles 
on the Centre P thro every Degree of that 
Scale, the Shadow of the tip of the Style 
will ſhew the Coaltitude among thoſe Cir- 
cles ; for they will exactly repreſent the 


N Parallels of Altitude 1 in the Heavens. 


Note. 5 
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Note, This is deſcribed thus particularly 
rather for Demonſtration than Uſe, becauſe 
when the Sun is low the Shadow PC will 
be extended many Feet or Vards. 


Problem III. To take the Altitude of the 
Sun by a Style on a perpendicular or ge _ 
Fane. -- -. 

Fix your Style AB perpendicular toa flat 
Board as Fig. XIX. Raiſe your Board exa&- 
ly upright, and turn it to the Sun, fo that 
the Shadow of the Style AD may be caſt 
downward directly perpendicular from the 

Center A in the Line AQ. Then take the 

Length of the Style AB in your Compaſſes, 
and ſet it on the Board at right Angles co the 

Line of Shadow, from A to B: Draw the 

Line BD; and the Angle ADB ſhall be the 

Sun's Craltitude, {or Zenith Diftance as tis 
ſometimes called) (v/z,) 55 Degrees: The 
Tangent of which is AB to the Radius DA, 
and the Angle ABD (which is the Comple- 
ment of it) or 35%. ſhall be the Sun's Altitude; 
the Tangent of which is AD tothe Radius BA. 

Or to make this more evident, draw the 
obſcure Line D O parallel to AB, 1. e. 
Horizontal, and the Angle BDO will plain- 
ly appear to be the Angle of che Sur's Al- 
titude 35 Degrees. 

Hence it will follow that if the Line AD 
be prolonged to e divided according 
L 2 to 
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to the Degrees of a Scale of Tangents, this 
Board or Inſtrument will be always ready to 
ſhew the Sun's Altitude on that Scale, by 

the Shadow of the Style AB turn'd directiy 
to the Sun, when the Board is held up and 
made to ſtand perpendicular to the Horizon. 
N. B. This is the Foundation of thoſe 


Dials which are made on Moveable Columms 
or on Walking Canes, which ſhew the Hour 


of the Day by the different Altitudes of the 
Sun in the various Seaſons of the Year, 
Note, There are ſeveral other ways to 
find the Altitude of the Sun by a moveable 
or immoveable upright Plane, and a per- 
pendicular Style fixed on it. But none of 
thoſe Ways of taking an Altitude by the 
Point or End of the Shadow are the moſt 
commodious and exact for common Uſe ; 
I have chiefly mentioned them to lead the 
Learner into a more familiar and perfect 
Acquaintance with the Nature and Reaſon 
of theſe Operations. 
-If no regular Inſtrument be at Hand to 
take the Sun's Altitude, 1 prefer the follow- 
ing Method above any others. 


Problem IV. 7 o find the Sun's or any 
Star's Altitude by a far Board, Thread and 


Plummet. 
Take a ſmooth flat Board as 1 0 5 


which is at leaſt 8 or 9 Inches broad every = 


. 
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Way, See Fig. XX. Mark two Points on it 
as a c at leaſt at ſeven or eight Inches di- 
ſtance, and draw that Line. Fix a very 
ſhort Pin at c perpendicular which may be 
done ſufficiently true by gueſs. Hang a 
Thread and Plummet on it. Hold up the 
Edge of the Board to the Sun till the Shadow 
of the Pin be caſt all along the Line ac. 
_ Obſerve where the Thread falls; mark 3 
Point in it as at 4; draw the Line 4c, and 
the Angle acd is the Complement of the 
Sun's Altitude : Or you may draw the 
whole Quadrant ace, and then the Angle 
dee is the Sun's Altitude. Now if the 
Arch de be meaſured by a Line of Chords 
you find the Number of Degrees 
Mote, That the Degrees of Altitude muſt 
always be reckoned from that ſide of the 
3 which is held next tothe Sun, ( vis.) 
The Coaltitude from the fide ca, 
"Note farther, That the Sun's Altitude 
ſhould ſcarce ever be taken within half an 
Hour of Noon for any other Purpoſes be- 
fide the finding of the Meridian Altitude; 
becauſe for an Hour together the Altitude 
then increaſes or decreaſes ſo very little, the 
Sun being then near the Middle of its diur- 
nal Arch. . 
Take Notice alſo, That 3 the Sun is 
near the Horizon it appears higher than 
really it is by reaſon of the Refraction or 
L 3 breaking 
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breaking of its Rays in paſling through a 


larger Space of Atmoſphere or thicker Air. 


When the Sun 1s one Degree high its Re- 
Fraction cauſes it to appear near half a De- 
gree higher than it is. At two Degrees 
high the Refra&on is 20 Minutes, at three 
Degrees the Refraction is 15 Minutes, at 
five Degrees the Refraction is 10 Minutes, 
at 10 Degrees the Refraction is five Mi- | 
nutes. You muſt therefore allow propor- 
tionably by dedufting ſo much from the 
apparent Altitude when you make an Ob- 
| ſervation near Sun-riſe or Sun- ſet. h 
Note again, That the heavier your Plum- 
met is the more ſteddy it will hang, and 
make the Obſervation more exact. 
If you pleaſe you may draw the whole 
Quadrant on the Board, and ſtick in the 
Pin at the Centre before you make your 


_ Obſervation, which indeed 1 is the moſt pro- : 


per way. 
Vou may find the An of the Moon 
the ſame way. And the Altitude of any 
tar may be found by the ſame Board, if 
2 ou ſtick in another very ſhort Pin perpen- 


dicular at a, and fixing your Eye at s bring | 
both the Pins a and c juſt over the Star; | 


then the Thread will hang ( (ſuppoſe) on the 
Point d in the Arch, and ſhew the Degree 1 
or Angle of Altitude to be dee, | 


Pro- 
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Problem V. To obferve the Meridian Al- 


titude of the Sun or its Height at Noon: And 
by the ſame Method 7o fd any Star” $ Me- 


ridian Altitule. 

If you know exactly when * tis Noon, take 
the Altitude of the Sun by any Inſtrument 
within a Minute or two of that time, and 


that is the Meridian Altitude; for two or 
three Minutes at Noon make no ſenſible 


| Difference 1 in the Altitude. 
But if you have no Clock or Dial or any 


thing of that kind whoſe truth you can rely 


on, then a little before Noon obſerve and ſer 
down the Altitude every four or five Mi- 


nutes till you find it begins to grow a 
little leſs, then review your Obſervations, 
and the greateſt Height was the true Meri- 


dian Altitude. 


Lou may, by the ſame Method, find the 
Meridian Altitude of any Star above the 


Horizon, if you make ſeveral Obſervations 
when the Star is coming near to the North 
or South Part of the Meridian. 


Problem VI. How to find out the Decli- 5 


nation of the Sun, or of any large or known 
Star. 


If you know che Latitude of the Place 


where you are, with the Meridian Aititude 


of the Sun any Day in the Year, or if you 


know the Sun's Place in the Ecliptick you 
1 4 may 
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may find the Declination of the Sun there- 
by Geometricall/ as ſhall be ſhewn after- 


ward : But if theſe are not known, then 
in order to other Aſtronomical Operations, 


you muſt ſeek the Declination of the Sun 


for that Day, either by the Globe on the 
brazen Meridian; or in a Scale of the Sun's 
Declination, which is drawn on artificial 
| Quadrants, or other Mathematical Inſtru- 
ments; or it may be found in Tables of Þ} 
the Sun's Declination calculated exactly to 
every Minute of a Degree for every Day in 
the Year, which is the belt way where it 


may be had. 


There are alſo T _ of Declination of = 
ſeveral of the moſt noted Stars. Theſe are 
all the Year at the ſame Diſtance from the 


Equator, and their Declination does not 
vary, as the Sun's does. 


Theſe Tables of the Sun's and Stars De- - 
clination are found at the End of this Book, FF 


Sea. XXI. 


But let it be noted here, that the De- 


clination of the Sun not only changes every 


Day in the Year, but it differs alſo ſome few | 
Minutes in the next Year from the Lear 
foregoing, even on the ſame Day of the 
Month; Whence this Difference ariſes, and 
how to act with reſpect to it, ſee Problem 


XX. allowinge and more in Sect. XXI. 


Pro- 


TR 
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Problem VII. To find the Latitude of any 
Place by the Meridian Altitude and Decli- 
" _ of the Sun any Day in the Year. 
The Way to find the Latitude of any 
Place (i. e. the Diſtance of the Zenith of 
that Place from the Equator) by the Meri- 
dian Altitude of the Sun, is firſt to ſeek its 
Colatitude, i. e. the Complement of its La- 
titude, or (which is all one) the Elevation 
of the Equator above the Horizon of that 
Place. Suppoſe the Day given be the 11". 
of June, or the Summer Solſtice. 
his may be done by looking back to 
Figure III. Firſt, Draw the Line HO for 
the Horizon, and from the Centre C raiſe a 
Perpendicular CZ to repreſent the Zenith. 
Make the Semicircle HZ O for the Meri- 
dian: Then ſuppoſe the Meridian Altitude 
F the Sun at the Summer Solſtice be 62 
Degrees, by the Uſe of your Compaſles and 
a Scale of Chords ſet up 62 from HtoS: 
Allo the Declination of the Sun that Day be- 
ing 231 Degrees Northward, ſet 23+ from 8 
downward, and it will find the Point E, and 
the Arch HE is the Altitude of the Equator 
above the Horizon, or the Colatitude of the 
Place, (viz.) 381 Degrees: Thence you find 
the Latitude is EZ or 51+ Degrees which 
completes a Quadrant. Then if you draw 


the Line EC it will repreſent the Equator 
in that Scheme. Sup- 
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Suppoſe you take the Meridian Altitude 
of the Sun on either of the Equino@ial 
Days, (vlg.) in March or September, and 
you find it to be 384 Degrees: Setup 385 | 


from H to E, then the Sun having no 
Declination the Meridian Altitude it (elf 
ſhews you the Height of the Equator above 
the Horizon, which is the Complement of the 
Latitude. 
_ - Suppoſe the Meridian Altitude of the Sun = 
at the ſhorteſt Day be 15 Degrees, ſet up 

15 from H to V: Then the Sun's Declina- 
tion is 231 Degrees Southward ; therefore 
ſet 23+ from V upward, and it finds the 
Point E: And the Arch HE is the Comple- 


ment of the Latitude as before, (vis 385 


Degrees. 
For all theſe Piattices: the chief Rule i is 
this. In the Summer Half-Year ſet your 
Declination downward from the Point of 


the Meridian Altitude, and it will find the 


Eguator's Height above the Horizon. In 
Winte :-t your Declination vpward from 
the Point of the Meridian Altitude, and it 
will ſhew you the Height of the Equator. 
The Reaſon of it is moſt evident in the 
third and fourth Figures. 

t may be proper in this Place to 8 
let what 1 have already demonſtrated in 
Section V. Figure IV. that the Latitude of 
zny Place (that is, the Diſtance of its Ze- 

nith 
2 
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nith from the Equator) Z E is equal to the 
Elevation of the Pole PO above the Hori- 

20n. Thereby it appears that the Eleva- 

tion of the Equator above the Horizon of 
that Place on one fide as EH (which 1s the 
Complement of the Latitude) is equal to the 
Complement of the Pole's Elevation on 
other fide as Z P. If therefore the Lati- 
tude (ſuppoſe of London) be EZ or PO 

51+ the Colatitude PZ or HE will be 383, 

for it muſt complete a Quadrant or go De- 

grees; and therefore if you ſet the Point P 

51% Degrees above O on the other ſide han | 

the Horizon, and draw the Line PC, 

have the Axis of the World et or * 

the North Pole in its proper Elevation for 

London, and ſtanding (as it ought) at _ 

Angles with the Equator E C. 

I have repreſented the Solution of chis 
ſixth Problem in a Geometrical manner to 
ſhew the Reaſon of this Practice; but this 
Problem of finding the Latitude by the Me- 
ridian Altitude is e eaſier performed 8 
Arithmetically thus. 

In the Winter Half. Vear add the Decli- 
nation to the Meridian Altitude, and it gives 5 

you the Colatitude. 

In the Summer Half. Vear ſubſtract the 

Sun's Declination from the Meridian Alti- 

tude and it gives the Colatitude. 


Example, 
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Example, whe 010" 
Merid. Alt. H $—---62 3 : 
Suns Declin. E 1 5 

Colatitude H . 

December 11 
Merid. Alt. HV——15 .. 

1 Sun's Declin. E . 15 


— 


Colatitude H E—36 
Then if you ſubſtract the colatitude 


from the Zenith or go, you find the La | 


titude, as, 


Zenith H dey 
Colatitude H 3 


2 


— os ——_— 


: Subltrast 


Latitude E 2.—5 1 


After all it muſt be obſerved here that 
all theſe Problems of finding the Latitude 
of the Place by the Sun's or Stars Meridian 
Altitude, &c. belong chieſly to thoſe Places 
which lie within the Temperate Zones. If 


the Place lie in the Torrid or Frigid Zones, 


theſe Methods of Solution are good when 
the Meridian Sun is on the ſame ſide of the 
Zenith with the Equator, whether North 


or 
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or South. But if not, then there muſt be 


ſome little difference of Operation at ſome 


times of the Year. Vet if you project a 
scheme for the Solution of ſuch an Enquiry 


like Fig. III. the very Reaſon of things will 


ſhew you when you muſt Add or Subſtract. 


Problem VIII. 7 find the Meridian Al- 


titude of the Sun any Day of the Year, the 
Latitude of the Place being given. 


This is but the Converſe of the former 
Problem, and therefore is to be performed 


the contrary Way, (vig.) in Winter ſubſtract 
the Declination VE from the Equinoctial 


Altitude or Colatitude H E, and the Re- 


mainder is H V the Meridian Altitude. 
In Summer add the Declination E S to 


the Equinoctial Altitude, or Colatitude HE, 


and it gives the Meridian Altitude HS. 
The Meridian Altitude at the Equinoxes 
15 the ſame with the Colatitude as before. | 


Problem IX. To find the Declination of 
the Sun, its Meridian Altitude and the La- 


titude of the Place being given. 


It is hardly neceſſary to deſcribe chis 


Practice to thoſe who have perfectly learn d 
the two foregoing Problems. 

Subſtraf the Colatitude H E fram the 
Meridian Altitude in Summer H S, and the 
Remainder | is the 8's Summer Declination 


E 8. Sub- 


8 — — 0 2 — — — * 7 * — EE 
220 
Ir ᷣ—᷑ʒĩ·̃᷑ ᷑ ᷑Ä—mnmdᷓd—d::!: K 
. — —— — ei * = 
= 2 == — — —_— — TX” » "TG LPS” — 
E — 2 — 5 £ IW U 


— . 


r IS ES: 
3 


4 8 . c 5 
a - - — — — 2 
— en — — — — 2 — ˖ͤ— = 
2 +. r 24 III TINS be” 27, WO RTE wo 1 8 — - : 2 ood IVE —_ " 333 3 5 
_ 2 r pp IL 8 «I; * 2 — —— - 2 2 3 — . * 3 2 — —— — 2 4 8 — 
rr — A 1 — n E I ee ee Seed 5 — e * a Y 
- DCP ˙ —-— — — — — ——— —— — = Bam. . . 2 — Sr. 

3 2 2 —_— — —_ rY — * ATTY . £ ww 2 0 __ 1 — -- * i cr — * — —— -; ==" 

2 2 = 7 — 22 - * — — - — = Ix MME Cd he — F - 2 —— 

; 2 —_ * DIS — _————— — * a 5 


— — 


* — yer am en ere age _ 
— ERS ... 7 
2 —.— ane {ie — — 
” _ 1 r=" — 
— EY „ 1. 
* * N * —— ꝓ— 


160 The fel Principles of Sect. 20. 
Subſtract the Meridian Altitude in Winter 
| H V from the Colatitnde H E, and the Re- 


mainder is the Suns inter Brise EV. 


Or in ſhort, if the Meridian Altitude and 
Colatitude be given, /ubſtratt the leſs from 
the greater, and the Remainder is the Suns 

Declination. 


Problem x. To find the Latitude f 
Place by the Meridian Altitude of a Star, 
when 'tis on the South Meridian. 
Find the Declination of that Star in ſome 


Table or Scale of the Star's Declination. 


If it has Declination Northward, (as the 
Sun has in Summer) ſubſtract the Decli- 
nation from the Meridian Altitude, and it 
gives you the Colatitude. 


If the Star's Declination be Southward Fo 


(as the Sun's is in Winter) add its Declina- 
tion to its Meridian Altitude, and it gives 
vou the Colatitude. : 

Note, When 1 ſpeak of North and South- 


ward 1 in relation to Winter and Summer, 


in many of theſe Problems, I mean in Nor- 
 thern Latitudes ſuch as ours is in Britain, 
When the Star is on the North Meridian 
| fee how to find the Latitude by it in 
Problem XXXII. 


Problem XI. By what Methods is the Lon- 
Set of Places to o be found, 
TY hough 
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Though the Latitude (which lies North- 


ward and Southward) may be determined 
with the utmoſt Certainty by the Methods 


before propoſed, yet the Longitude of a 


Place (which is the Diſtance of any tao 


Places from each other Eaſtward or 5 — 


ward) is very hard to be determined by the 


Sun or Stars, becauſe they always appear 
moving round from Eaſt to Weſt. The 


Longitude therefore of Places 1s uſually 


found by meaſuring the Diſtance on Earth : 


or Sea from Weſt or Eaſt. 
The Map-Matkers who deſcribe Countries, 
Proving or Kingdoms meaſure the Diſtan- 


ces on the Earth by an Inſtrument made on 
' Purpoſe, with a heel ſo contrived, that a 


certain Number of its Revolutions is equal 


to a Pole, a Furlong, or a Mile; it hath 
alſo a Mariner «Compaſs and Needle touch d 
with a Loadſtone faſtned to it, ro ſhew how 


much their Courſe varies s fr om che North or 
South, | 


In chis laſt Ave they have EY invented a 
Way to find the Difference of Longitude be- 


tween two Towns that are ſome thouſands 


of Miles aſunder in diſtant Nations; and 
that is by a nice and exact Obſervation of 
the Moment when the Helipſes of the Moon 


begin or end, made by! Mathematicians at 


thoſe diſtant Places: And thus by the 
Difference of I ime in thoſe Eclipſes they 
Saupe the Diſtance of Place. This 


K : 5 < — - - = 
1 5 75 — * : - 
A — — Nerd — * — — 8 OK EIS 4 
? ”= 8 — 7 — . anner — „ — — = 8 — 5 = 8 
5 * 8 2 * * * 4 3 3 = — a4 8 1 2 — — — — IS rene ie . 
= . „ 3 ID: , 3 - > . — 8 * — - 2 = . - . — 2 — — _ 
x — p] EE —— of OY Do 6— EE ͤͤ(b ͤů 2 7˙ ... ]˙—DLN ne FFC CC — — — 11 
-——_— — = MN ks Pic af” þ © 7 I I LEY — 2 Et non ee RI nn ” RISE —— — — <2 ——— n - - r ä — — 0 * 7 its * = — 
7FFFFPFPCPFp EET ec”. SS _ : : = K 2 A : r as Ca x” —_— Lp 56 rot Bi tx f _ : Oy — 
a on — 2 EETRET” r 8 = Wa? 2% x. 1 2 — — -- 5 1 2— a 
r r - — — : 2 — =o — = : 
—— — De ESD — - 
— - — 
- — — — — — 
r -4 : — _ 
— — — — —— 
=: - — ; 
I 8 8 


8 
— . 


162 The firſt Principles of ect. 26, 
This Invention is ſtill further improved 


* Obſervations of the Eclipſes of the four 


Moons or little fecondary Planets, which 
roll round the Planet Jupiter as our Moon 
does round our Earth: By theſe Means 
the ſuppoſed Diſtances of ſome Places in 
the Eaſt and Weſt-Indies have been alter d, 
and the Miſtakes of ſeveral hundred Miles 
corrected. 
The Sailors meaſure it at Sou by che Log, 
which is a piece of Board faſtned to a long 
Line which they caſt out of the Ship while 
a Minute or Half-Minute Glaſs begins to 
run: Then drawing in the Log, they ſee 
how far the Ship has failed in a Minute; 
and ſuppoſing the Circumſtances of the 
Wind and Water to be the ſame, they com- 
pute thereby how far they have fail'd in 
ſome Hours. But this being a very uncer- 
tain Way of reckoning becauſe of the con- 
tinual Changes either of the Strength or the 
Point of the Wind, or Current of the Water, 
they are often liable to Miſtakes. There- 
fore it has been the famous and ſolicitous 


Enquiry of theſe laſt Ages how to find out 3 
and aſcertain Longitude at Sea; and there 


is fo vaſt a Reward as twenty thouſand 
Pounds offered by the Parliament of Great- 
Britain to any Man who ſhall invent a Me- 
thod for it, which ſhall be 3 eaſy and 

practicable at Sea. 


Problem 
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Problem XII. To find the Value of a De- 
gree of a greater Circle upon the Earth, or 
Hod much it contains in Engliſh Meaſure. 
lere let it be noted, that one Degree of 
a greater Circle on the Earth anſwers to 
one Degree of a greater Circle in the Hea- 
vens. It is true the heavenly Circles are 
incomparably larger than the Circumference 
of the Earth; and they are alſo larger than 
_ each. other according to the different Di- 
ſtances of the Planets and Stars; yet every 
Circle (whether greater or leſſer) is divided 
into 460 Degrees, and therefore though Cir- 
cles differ never ſo much in Magnitude, yet, 
when they are ſuppoſed to be concentrical, 
(7. e. to have the ſame Centre) every ſingle 
Degree of each Circle is correſpondent to a 
ſingle Degree of all the other Circles. 
Now that a Degree of the Heavens thus 
anſwers to a Degree on the Earth is very 
evident; for if we travel on Earth, or fail 
one Degree Northward or Southward on the 
ſame Meridian, we ſhall find by the Sun or 
the fixed Stars in Heaven that our Zenith is 
juſt a Degree altered, our Latitude is changed 
one Degree, and our Pole is one Degree more 
or leſs elevated, (v:2.) more elevated if we go 
from London toward the North, and leſs ele- 
vated if we go toward the South, till we come 
to the Equator: Afterward the contrary Pole 
is elevated gradually. 70 ſuch Experiments 
as 
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as theſe Philoſophers infer alforharthe Bart > | 


is Oiobe and not a plane Surface, | 
Wherefore 7 find the V niue of 2 


vn 4 greater Circle of the Earth, you muſt | 
travel directly in the /ame Meridian, mea- 
ſoring your Mites all the Way, till ohr La- 
ritude be alter done Degree; and then (if you 
have been exact in your Meaſure) you will 


find that you have travell'd about 70 Engliſh 


Miles; though Geographers often phe, 60 
Geographical Miles to a Degree for greater 
Eaſe in Computation, as I have faid before, 


Problem XIII. To find the Cirenmference, 
2 the Diameter, the Surface and Soha C 


tents F the Earth. 
pA found the Value of one 
to be 70 12 

produces 25200 Miles 


Earth to be about 8000 Miles. 


Mukiply the Circumference by the Dia- 
meter, and that Product hall be the Byuare 


Feet, Furlongs, Miles, &c. of the Surfare. 
Molripty cheSurfacebyrthefi 
Diameter, andthatwillgrve the 

 _ Note, That Geographers di 


a little in 


SIRI" of theſe Meaſures, decesſe 
5 _ They 


a — mwirg © A 


Fay 
es, 1 that by $66, "4 and it 
r the Circumference. 
The Diameter is in ptopertion oe r- 
8 cumference at 113 to 355, or as 90 to 157, 
or in more brief and vulgar Account as 7 is 
to 22, which will make the Drameter of the 5 


xrhparrofrhe 
Content, 
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they differ in the Meaſure of a ſingle De- 


* 


neſs apd Inequality of any Road that you can 
travel for 70 Miles together: The juſteſt 


3 


 Meaſurers have made 69+ Miles go to a De- 


gree, or the round Number of 70 Miles. 


Problem XIV. To find the Value of a De- 
| gree of a leſſer Circle on the Earth, i. e. the 


Palue of a Degree of Longitude on the leſſer | 


[ERS ART. 
| TI have mentioned it hefore under the III- 
Prob. of the 19 Sed. that all the Degrees 
marked on the Equator, or on any of the 
Meridian are 70 Miles, becauſe all thoſe 
| Lines are Great Circles; yet in the Parallels 


of Latitude, the further you go from, the 


Equator che Circle grows leſs and leſs, and 


of 360,Degrees near the Pole will not ma 
above 300 Miles; and as you approach ſti | 
| nearer to, the Pole, 
Frurlongs or Feet. 


1 x 


To find therefore the zrue Value of a De- 


« - of 


gree ſuppoſe in the Parallel of Latitude of 


London 511 Degrees, uſe this Method, Fig. 


one Degree in the Equator, divide it into 
(bo Geggraphical Mites, or into 70 Engl 
Miles, all equal: Set the Foot of your 

. . 


gree : And chat is becauſe of the Crooked - 


J h h each Degree of it muſt pe leſs | 


Ke | 


alſo ; and for this Reaſon the whole "nk | 


ale, it will not make ſo many 
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Compaſſes i in A, deſcribe an Arch from B to 
.. COL: e114 Degrees, then from the Point C1 
let fall a Perpendicular to D, and AD is the 
Meaſure of a Degree of Longitude in the Pa- 
rallel of London, (viz.) about 431 Miles. 


The Demonſtration of it may thus be 
explained. Prolong the Arch B C and com- 


plete the Quadrant E A B. Then E ſhall. 
repreſent the North Pole: EA the Northern 
Half of the Axis of the World, AB the Semi- 
diameter at the Equator, and NC the Semi- 
diameter of the Parallel of Latitude for 
London. Then Arithmetically, if the Line 
AB (ſuppoſe 1000 equal Ft allow 70 
Miles for a Degree, what will NC (4. e. a- 
bout 621 equal Parts) allow? 4A. 431. 
Or Trigonometrically thus. A B is the 
whole Sine of go, or Radius, N-C is = 
Sine of the Colatitude 38%, Then ſay, 
AB or the Sine of go! is to 70 Miles, ſo isN 7 
or AD the Sine of 38% ro 431 Miles. 
VMote, This Diagram or Figure will ſhew 
che value of a Degree of Longitude in any 
Parallel of Latitude, if from every Degree 
in the Arch ECB a ere e were 


drawn to the Line AB. 


Therefore a whole Line of Sines if num- 
ber'd backward, and apply'd to a Scale of 70 


equal Parts, will ſhew che Miles contain'd in 


one Degree af Longirude under any Parallel 


of Latitude w hatſoeyer, 


Having | 


ee AVC 
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Tearing Mann in former Problems how 


to take the Meridian Altitude of the Sun, 


and thereby to find the Latitude of any 


Place on the Earth, I think it may be pro- 
per now to ſhew how to project the Sphere 


for any Latitude upon the Plane of the Me- 


ridian, and repreſent it in ſtrait Lines, which 


18 called the Aualemma: Becauſe the Ere&ion 


of this Scheme (and ſometimes of a little 
Part of jt) will ſolve a variety of Aſtronomical 
Problems, as > wall appear hereafter, 


Problem XV. To eres the Analemma, or 
repreſent the Sphere in ſtrait Lines for the 


Latitude of London 313 Degrees. 
Firſt, It is ſuppoſed you have a Scale of 


Chords at Hand, or a Quadrant ready di- 
vided into 90 Degrees. Take the Extent 
of 60 Degrees of the Line of Chords in 
your Compaſſes, (or which is all one) the 


Radius of your Quadrant, and deſcribe the 
Circle NZEHS Q for a Meridian both 
North and South as in Figure XXIII. (v:z.) 
NES, which repreſents I2aClock at Noon; 


and N 8, which N the Hour of 


Midnight. 5 
Through C the Centre draw the Line 


HO for the Horizon. At go Degrees di- 


ſtance from H and O mark the Point 2 and 
D for the Zenith and Nadir; then draw the 
Line Z D which will croſs H O at Right 

My.” Angles, 


- 4.1 — 
_ mw — Do — 12 
2 . —— 
YL I > 


_ 2 


3 
n - 4 


ME wt 
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Angles, and will repreſent the Azimuth of 
Eaſt and Weſt z as the Semicirle Z O D re- 


preſents the North Azimuth, and ZHD 
/:. io ao. 
Above the Horizon 0 mark N for the 


North Pole elevated 514 Degrees; Through 
the Center C draw the Line NS for the Axis 


of the World; which Line will alſo repreſent 


the Hour Circle of fix a Clock, being at go 


Degrees diſtance from Noon and Midnight. 
S will ſtand for the South Pole, depreſs d a8 
much below H the South ſide of the 


Horizon, as N the North Pole is raiſed 


Ar go D 


bo 


egrees from N mark E and Q 


” 


on each fide; then croſs the Axis of the 
2 NSwith the Line EQ at right Angles, 
Which repreſents the Equator. Thus E will 
be go Degrees from N the North Pole, 511 


Degrees from Z the Zenith, which is the 
Latitude, and it will be 384 Degrees above 


H the Horizon which is the Complement of 
the Latitude. £ 2 


At 234 Degrees from E on each ſide mark 
the Points M and W ; then parallel to the 
Equator or E Q draw the Line M s for the 


Tropic of Cancer, and the W yy for the Tro- 


pic of Capricorn, After that, through the 


Centre Cdraw M which is the 9 


It cuts the Equator E Qin C, and makes an 
Angle with it of 231 Degrees. 
From 
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From the Points NS mark pandx on each 
ſide at the Diſtance of 234 Degrees, pp are 
the Pales of the Ecliptich, and the Lines px 
and p being drawn are the two Pe/ar Cir- 
cles, (viz) the Artic and Antartic. 
Thus the Analemmæ is completed for all 5 
general Purpoſes or Problems. 
The further Obſervables in it are theſe, wiz. 
MM is the Suns Place in the Ecliptick when 
it enters Cancer at the Summer Solſtice: 
And the Arch EM is its North Declinatian 
; 235 Degrees. 85 
C is the Sun Place in the Kcliptick enter- 
ing Aries or Libra at the Equinoxes : And 


= then it has no Decli nation. 


w is the Sun s Place in the Ecliptick en- 
tering Capricorn at the Winter Solſties: And 
the Arch w Q or (which is all one) EW is its 
South Declination 23+ Degrees. 
The Line Ma is the Sun's Path the. 
Longeli Day, or at the Summer Salftice - 
it is at s at Midnight; it riſes at R; ins 
at ſix a Clock at 6; it is in the Eaſt Ai- 
muth at V; it is on the Meridian at M that 
Day, and the Arch M H is its Meridian A- 
titude, (viz.) 6a Degrees. | 
The Line EQ is the Sus: Path on 1 the 
two Equinaiel Days at Aries and Libra; 
it 8ar Midnight at Q; it rifes at C, and 
tis in the ſame Moment at the Eaſt, and 
fix à Clock ; for on the Equinoctial Days 
FFF 
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Z D the Azimuth of Eaſt and Weſt, and 


NS the fix a Clock Hour Line both meer |} 
at C in the Horizon HO, which never 
happens any other Day in the Year : Then 


the Sun goes up to E at Noon; and EH 
is the Arch of its Meridian Altitude at the 
Equinoxes, (v1Z.) 384 Degrees. 
Wu is the Sun's Path the Shorteſt Day, 
or at the Winter Solftice ; it is Midnight at 


vy; it is in the Eaſt at K long before it 
riſes; it is fix a Clock at G before it riſes 
alſo; then at I it riſes or gets above the 


Horizon; it is Noon at W, and its Meridian 


Altitude is WH or 15 Degrees. 


The Sun's Aſcenſional Difference (chat is, 


; its Diſtance from fix a Clock at its Riſing 


or Setting) in the Summer Solſtice is the 
Line R'6, and at the Wi inter Solſtice tis che 
Line 16G. | 


Its Amplitude (or Diſtance from Eaſt or 


Weſt at its Riling or Setting) in Summer is 
RC; in Winter tis I C.“ 


Here ybu mult ſuppoſe that the Sun goes 
Jon again from the Meridian in the After- 


noon on | Cother ſide of the Scheme or Globe 


in the ſame manner in which its Aſcent to- 
ward the Meridian is repreſented on this 


Side: So that the Line MR repreſents the 
Sun's Semidiurnal Arch at Midſummer, EC 


at the Equinoxes, and WI at Mid-winter. 
Ihe Semidiurnal Arch is half the Arch it 


makes above the Horizon, Nee, 
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Note, That as we have deſcribed the va- 


vious Places of the Sun's Appearance above 


the Horizon N O at the ſeveral Seaſons of the 


Year, ſo the various Places of irs Depreſſion 
below the Horizon H O may be eaſily found 


out and deſcribed vy any Learner. 


Problem XVI. How to . any Pa- 
rallel of Declination on the Analemma, or to 


deſcribe the Path 0 the Sun any Day in the 


Tear. 


Find out what is the Sun's Dae 


that Day by ſome Scale or Table: Obſerve 
whether it be the inter or the Summer Half- 


year; and conſequently whether the Decli- 
nation be North or South: Then for the 


North ſide of the Equator, if it be Summer, 
ſet the Degrees of North Declination up- 
ward from E toward Z; if it be Winter 
ſet the South Declination downward from E. 
toward H: And from the Point of Declina- 
tion (ſuppoſe it be Mor W) draw a Line pa- 
rallel to E Q the Equator, as M & or W 1, 
and it repreſents the Parallel of Declination, 
or the Path of the Sun for that Day. 


Problech XVII. How to repreſent any Pa- 
rallel of Altitude, either of the Sun or Star 
on the Analemma. 


As the Lines of Declination are parallel 


to the E quator ; ſo the Lines of Altitude are 


e 
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parallel to che Horizon: Suppoſe therefore 
the Altitude of the Sun be about 42 Degrees 


fer up 42 Degrees on the Meridian from 


H to A, draw the Line A E parallel to HO, 

and it deſcribes the Sun's Parallel of Alti. 
tude that Moment. 
HFere Note, That where the Sun's Parallel 
of Declination for any Day and his Paralle! 
Altitude for any Moment croſs each other, 
that ts an exact Repreſentation of the Sun's 


Place in the Heavens at that Time: Thus 
the Point So! © is the preciſe Place where 
| the Sun is when he is 42 Degrees high on 


the longeſt Day of the Year: For M re- 

preſents his Path or Parallel of Declination 
that Day, and AL repreſents his Parallel 
of Altitude that Moment. 

I might add here alſo, that the prick'd 
Arch NOS repreſents the Hour Circle in 
which the Sun 1s at that Moment ; and 
Z OD repreſents its Azimuth or vertical 


Circle at that Time. Note, Theſe Arches 


arte troubleſome to draw a-right, and are 
not at all neceffary to folve common Pro- 
blems by the Scale and FORTE. on the 


Analemma. 


Problem XVIII. T he Hay of the Month 
and the Sun's Altitude Wet given, how 16 
find the Hour or Azimuth £ the Sun by the 


Aale mme 8 
The 


2 
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The two foregoing Problems acquaint 
you how to fix the precife Point of the Sun's 


Place any Minute of any Day in the Year by 
Allitude croſſing each other. 
No ſuppoſe the Day of the Month be 


the 25" of April, and the Sung Altitude 


34 Degrees in the Morning. Defcribe the 


Semicircle HZ O in Figure XXIV for the 


Meridian. Make H CO the Horizon. Draw 
E C making with HC an Angle of the 


Colatitude 38 Degrees to repreſent the E- 
quator. Seek the Declination of the Sun, 
and in the Tables or Scales you will find 
it near 161 Degrees Northward: Set 16+ 


from E to D; draw DR for the Path of the 
Son that Day, parallel to E C the Equator. 
Then ſet the Altitude 34%. from H to A, 
draw AL parallel to H O the Horizon. 
Thus the Point © ſhews the Place of the 
Sun as before. 8 


Now if you would find the Hour, you 


muſt draw the Line CN at right Angles 
with the Equator E C, which repreſents 


the fix aClock Hour Line; and the Diſtance 


6 © is the Sun's Hour from fix ; that is, his 


Hour after fix in the Morning, or before fix 


in the Afternoon. 


If you are to ſeek the Azimuth, then 
you muſt draw the Line C Z perpendicu- 
lar to H O, which is the vertical Circle of 


Eaſt 


the Parallel of Declination and Parallel of 
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Eaſt or Weſt; then the Extent F O is the 
Sun's Azimuth from Eaſt in the Morning, 5 
or ſrom Weſt in the Afternoon. 
Thus you ſee that in order to ſolve thoſe 
two difficult Problems of the Hour or Azi- 
muth, you need but a very few Lines to per- 
form the whole Operation; for if you want 
only the Hour, CJ may be omitted; if you 
want only the Azimuth, CN may be omitted. 


Vet in che Winter Half-year, ſuppoſe the 5 


2 of November, when the Declination is 
near 18 Degrees South, it muſt be ſer down- 
Ward as E W from E toward II; then you 
cannot ſo well find the Hour without pro- 
ducing the ſix a Clock Line N C below the 
Horizon down to 8, that you may meaſure 
the Hour from 8 or fix, 
Obſerve alſo that this little Diagram! in 
Pigure XXIV. will ſolve a great Variety of 
Problems beſides the Hour and Azimuth on 
the 251 of April: It ſhews the Length of 
the Day by the Semidiurnal Arch D R. The 
Sun's cen onal Difference is GR. His Am- 
plitude | is CR. His Azrmuth from Eaſt or 
Weſt at fix is T6. His Altitude at Eaſt and 
Weft is VC. His Meridian Altitude is the 
Arch DH: And his Azimuth from Eaſt or 
Weſt at riſing or e is the Line R. 


Pi oblem XIx. How to meaſure the Nam- 
ber of Degrees an any of the ſlrait Lines j in the 
Analemma, I 
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I think there is no need to inform the Rea- ; 
der that any Part of the outward'Circle or 


Meridian may be meaſured upon that Scale 


of Chords or Quadrant, according to whoſe 


Radius the who = Analemma | is drawn. 
As for the rait Lines they are all to be 

conſidered- as Sines; thoſe Semidiameters 
which are drawn from the Centre C to the 

Circumference are ſo many whole Lines of 


Sines or 90 Degrees to the common Radius 


of the Semicircle. But if you conſider any 


whole Diameter which paſſeth through the 
Centre C, it is a Line of verſed Sines, i. e. 
tw O Lines of Right Sines joined at their 


Beginning to the fame common Radius of 
; the Semicircle, 


If therefore you have a Scale or Line of 


Sines at Hand to the ſame Radius of the 
Circle, you may meaſure any Part of thoſe 
ſtrait Lines, ſetting one Foot of the Com- 
paſſes in the Centre C, and extending the 
other to the Point propoſed, then applying 


that Extent to the beginning of the Line of 


Sines, and obſerving how far it reaches. 


But if you have no Scale or Line of Sines 


at hand, you may find the Quantity of any 
Part of the Semidiameter by the outward 


Limb or Semicircle, and by the Scale of 
Chords, according to whoſe Radius the 


Semicircle is drawn. The Method of per- 
| forming i it fee in Fi igure XXV. where the 


Quadrant 
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Quadrant y x & is drawn by the ſame 


But I choſe to make it a diſtinct Figure, 
left the Lines ſhould interfere with one 
another and breed Confufion ; and there- 
fore in Figure XXIV, I have uſed capital 
Letters, in Figure XXV, all the Letters are 
—:! ( 
Suppoſe I would find how many * 
are contained in VC which is the Sun's 
Altitude at Eaſt or Weſt, This is a Part 
of the Semidiameter CZ: Suppaſe there- 
fore CZ to be a whole Line of Sines, be- 
guining to be number'd at C. Take the 
Extent VC in your Compaſſes, and carry 
one Leg up in the Arch y x till the other 
Leg will bur juſt touch the Diameter y 6, 
and the Leg of che Compaſſes will reſt at.» ; 
wherefore it appears-that CV in Fig. XXIV. 
is the Sine of the Arch yn in Figure XXV. 
or 21 Degrees. 
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Another Way to perform it is this. Take 
the Extent VC, ſer one Leg of the Com- 
päaſſes in y, and with that Extent make a 

blind or obſcure Arch at e, and by the Rdge 

of that Arch lay a Rule from the Centre &, 

and it will find the Point in the Limb 
(vi) 21 Degrees. e 
By the ſame Practice you may find the 
Number of Degrees contained in any Part 
of thoſe Lines which are drawn from the 
R Centre 


Radius as the Semicirgle in Figure XIV. 
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Centre C, (viz) C H, CE, CM; CZ, 


CN, C, all which *e whole Lines 
of Sines w the common Reds of. che 


arant. 


- and produced to the Limb, ſuch as the Line 


6D, che Line SW, the Line FA, and the 
Line F L, each of theſe: are to be eftevwned : 
as a whole Line of Sines alſo, but to a 4 | 


Ramus. 
80 6 O in Figure XXIV. in the Sire of 
| the Sun's Hour from 


Extent 6D, or this whole leſſer Radius in 


Figure XXV. then take the Extent 6 D, 
and l ſetting one Foot of the Compaſſes in 9, 
make an obſcnre Arch at o, and a Ruler 
laid from 6 the Centre by the Edge of that 
Arch o will find the Point 4 in the Limb, 


and thew that d y is 34+ Degrees, which 
(rorned into Hours) is two Hours 17 Minutes 


from fix, (uiz.) 17 Minutes paſt eight in 


| the Morning, or 43 Minutes paſt three in 
5 che Afternoon. 0 


 Agam F O in Figure XXIV. is the 5 
of the Azimuth from Eaſt to Weſt to the 
Radius FA; take therefore FA in your 

_ Compaticy 


But as for thoſe Lines in the PTE | 
which are not drawn from the Centre C, 
bur are drawn a- croſs ſome other Diamerer 


6 ; bur the Radius is 
6D, and the Number of Degrees in 6 O is 
to de found in this manner. Take the 


your Compaſſes, and ſet it from 5 to 7 in 


— 


— — 
= get Oct Cont ne eee 


- _ _ — EI — = — — 
* — — „ N 
4 ; . — ag 1 Roe Ces FEY » EX — - 7 Ka * _ VEL oh — — — — 2 — — # * - of 
: . — * F _— EXT * 7 — Wi 2 f CODE DN n * E fe” ger” —— —— . — — — _ - - — — 2 —  ———— - — * * - ED ere. 7 = 0 
— — = - — 2 233 p — IE —— GT 2 > 2 — —— 3 — ng — — = Woke cy i f 4 — 4 r 2 — 5 2 —— * 83 — * 3 5 n Md 
Ah 24 8 = — . wy LC — 4 — — — I * - n 2 ** 5 "> 8 8 4.4 wb ES If io air Sth == 2 * tt 2 * * EIS Fe — p x _—_— See n= 7 
r * 1 + 8 : . < - - - — rn 3 4 — 2 2 . m os ns - Be en — ew 5 "Cn N — — 1 —— —— — — — 7 * MY L 4 _ 
- ce on ne ae" 2 7 - oe — 3 — — _— — en nnd — r 1 n * 0 8 


2 — 


—— 


= = — — — —L—Im ng e — — EA FEES 
. — ——ͤ — —— . —— — 


* — — 
— 


178 The firſt Principles of Sef. 20, 
Compaſles and ſet it from 5 to p in Fi- 
gure XXV. then ks the Extent FO and 
with one Foot in p make the obſcure Arch 
a ; by the Edge of that Arch lay a Ruler 
from 6 the Centre, and you will find the 
Point 5 in the Limb; 3 therefore ys is the 
Azimuth from Eaſt to Weſt, that is, about 
17 Degrees. 

Note, If you have the Wen called 

a Sector at hand and know how to uſe it, 
you may with great Eaſe and Exactneſs 
find the value of any Sine in the Analemma, 
whether it be to a greater or a leſſer Ra- 

dius, without theſe Geometrical Opera- 
tions. 


Problem XX. To 0 find the Sur S Place in 
the Echptick any Day in the Year: + 
It is well known that the 12 Signs of che 
Zadiack, each of which has 30 Degrees, 
contain in all 360 Degrees: And the Sun is 
ſaid to go through them all once in twelve 
Months or a Year. Therefore in a vulgar 
Account, and for the Uſe of Learners we 
generally fay, the Sun goes through one 
Degree in a little more than a Day, and 
thereby finiſhes the 360 Degrees in 305 
Days. But this is not the juſteſt and moſt 
accurate Account of Things: Let us there- 
fore now toward the End of this Book, 
with a little more Exactneſs oblerve. 

1. That 
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1. That the annual Courſe which the S 
appears to take through the Ecliptic round 
the Earth, is much more properly and truly 
aſcribed to the Earth's moving or taking its 
Courſe round the Sin; tho' the common 
Appearances to our Eye al are much the ſame 
as if the Sun moved. 

2. This annual Conti or Path of the 
Earth is not properly a Circle, but an El. 
Ji pſis or Oval: And as the Su 1s fix d in one 
of the Focus's of this Ellipſis, ſo the fix'd 
Stars, (and among them the 12 Signs) ſur- 
round and encompaſs it. See Fig. XXXI. 
where the black Point ? is the Earth in its 
Orbit moving round, and the Sun near 

the Middle, and the outward Circle of 

Points is the ftarry Heaven. 

3. That Part of this Ellipſis or Oval, 
which the Earth traces in our Winter Half- 
year, (7.e, from Autumn to Spring) 1s nearer 

to the Sun than the other Parc of it which 
the Earth traces in our Summer Halt-year, 

(C. e. from Spring to Autumn. And as it 

is nearer to the Sun, ſo conſequently tis the 

ſhorter or leſſer half, if J may ſo expreſs it. 

The very Figure ſhews it plainly. 

Note, By « our Winter and our Summer I 
mean thoſe Seaſons as they reſpect us in 
Europe, and in theſe Northern Parts of the 
Globe. . 
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4. Thence it follows that the Sun appears 
to finiſh its Winter Half- year from Septem- 


ber 12 to March lot, i. e. from = by 


w to y ſooner by 7 or g Days than it does 
the Summer Half-year, z. e. from v by 
„ to =, Or from March lot to September 
12", which is proved thus: When the 
Earth is at , the Sun appears at & and 'tis 
Midſummer. When the Earth is at e the 
Sun appears at = and 'tis Autumn. When 
the Earth is at o the Sun appears at wand 


tis Miduinter. And when the Earth is at 


a the Sun appears at y and 'cis Spring, Thus 
the Sun appears to paſs through thoſe Signs 
which are juſt oppoſite to thoſe which the 
Earth paſſes. Now as the Earth is longer 
in going through the Arch @ fe, from «= to 
y, than it is in x going through the Arch ea, 
from y to =, ſo conſequently the Sun 
appears tO * through the oppoſite Signs 


from Aries to Libra, flower than he does 


from Libra to Aries. 2 
| This is proved alſo plainly by, the Com- 


putation of Days. 

After the Sun enters Aries on March 
10, that Month hath 21 Days, and after 
the Sun enters Libra on September 12", 


that Month hath 18 Days. Now let us 
compute. ES 


Marc) 


FF _Y 
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Mar ch — — 21 5 ISeftember — 18 = 
April — 300 October ——31\ 

May — INovenber —3ol _ 
June — 30 Days December — 31 )Days 
Tuly 31 January — 31 
Auguſt — 31 3 — 28 
September 12 2 Tan 10 5 


ä 


Summer 186 Days | PEE — 179 Day: 


. Agreeably hereto cis found that in the 
Winter Months (chiefly trom the middle of 
October to the latter end of February) the 
Sun appears to move ſomething more than 
one Degree in a Day : Bur in the Summer 
Months (chiefly from the latter end of 
February to the middle of October) the Sun 
appears to move ſomething leſs than one De- 
gree in a Day. This is one Reaſon why a 
good Pendulum Clock meaſures Time more 
juſtly than the Sun: And' tis this Irregularity 
of the Sun's meaſuring Time that makes the 
Tables of Equation of Time neceflary, 
6. And thence ariſes a ſenſible Inequality 
berween the Times of the Sun's apparent 
Continuance in different Signs of the Zodi- 
ack: He ſeems to tarry longer i in thoſe of the 
Summer, and ſhorter in thoſe of the Winter: 
So that he does not leave one Sign, and 
enter another juſt in the ſame Proportions or ; 
Diſtances of Time every Month. 
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. This occaſions a little Variation of the 
Declination of the Sun, and his Right A. 


cenſion from the Regularity that we might 


expect; ſor they are both derived from his 


apparent Place in the Ecliptich: And there. 


fore none of them can be found by Learners 


with utmoſt Exactneſs, but in an Fphemeris 
or Tables which ſhew the Sun, 8 Place, &c. 


every Day in the Year. 

8. Let it be noted allo, that the Leap-year 
with its additional Day the 29 of February, 
returning every four Years, forbids the Sun's 


Place in the Eclipticꝶ to be exactly the ſame 
at the ſame Day and Hour of the following 
Tear, as it was in the foregoing; fo that 


though you knew the Sz Place, his Right 
Aſcenſion and Declination for one whole 


_ Year, that would not ſer ve exactly for the 


next Year, for the niceſt Purpoſes ot 


Aſtronomy. 


9. Yet as in four Vears Time the Sun ap- 
pears very nearly at the ſame Place in the 


Heavens again at the fame Day and Hour 


and Minute as before, ſo a Table that con- 


tains the Round of four Years is a ſufficient 


Direction for 20 Years to find the Sn 
Place for any common Purpoſes : Provided 
always that we ſeek the SA, Place, Deecli- 
nation or Right Aſcenſion, for any Year and 
Day in that Year of the Table that is equally 
diſtant from Leap-year, whether it happen 
to be the firſt, the ſecond, or the third after 


Lea p- 
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Leap- year, or whether it be the Leap-year it 


ſelf. See more of this Matter Sect, XXI. of 
the Tables of Declination. 

10. If we would make one fingle Table 
or Scale of the Sun's Entrance into "This Signs 
of the Zodiac, or of his Declination or 


Right Ajcenj;on to ſerve for every Year, we 


muſt chuſe the fecond after the Leap-year, 
becauſe that comes neareſt to the mean or 


middle Courſe and Place of the Sun, and will 


occaſion the leaſt Error in any Operations. 
I have therefore here fer down'a ſhort 


Table of the Sun's Entrance into the ſeveral 
Signs, according to the Account of Parker's 
Ephemeris for the Year 1720, which is the 
lecond after Leap- -year; and for Geometrical. 


Operations with a plain Scale and Compals, 
it is ſufficiently exact for 20 Years to come. 


Ano 1720, che ſecond after 1 


Day . mn. Day d. m. 
March 10 0 36 Sept. 12 $--0:05 
April -N O: Od. 131 47 
May 10 —- no: OI Nov. 12-- $--0:59 
June 11 -O: 30 Dec. 11-- w--0:28 
July 12--Q--0: 12 J. 9-2 16 
Auguſt 132 - 53 Feb. ge 38 


It is not poſſible to 3 all this irregular 
Variety of Times when the Sun enters the 
ſeveral Signs into any Memorial Lines 
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or Rhymes with any Exactneſs and Perſpi- 
cuity; and therefore I have omitted the 
Attempt. Such a ſhort Table as this may 
be always carry'd about by any Perſon who 
deals frequently in ſuch Operations and 
 Inoviries. „„ . 
But to give an Example of the Practice. 
Suppoſe it be inquired, what is the Sun's 
Place, April 25, I find the Sun juſt entered 
into Taurus N April the q, then I reckon 
'tis in the 16'* Degree of S April 25", 
whick added to the whole 30 Degrees of 
Aries, ſhew the Sun to be 46 Degrees from 
the Equinoctial Point y on the 25th of April. 
If the 18th of November we enquire the 
Sun's Place, we mult conſider the Sun is 
got 50 Minutes in 2 the 12th of November, 
that is, very nearly one whole Degree: 
Therefore on the 18th it is about 7 Degrees 
in 2, which added to 30 Degrees of m 
and 3o Degrees of =, ſhews the Sun on 
the 18th of November, to be about 67 De- 
grees from the Autumnal Equinox or S. 
Thus bv adding or ſubſtracting as the Caſe 
requires, you may find the Sun's Place any 
Day in the Year: And thence you may com- 
pute its Diſtance from the neareft Equinoctial 
Point, which is of chief Uſe in Operations 
by the Analemma. . 1 
Problem XXI. The Day of the Month 
being given, to draw the Parallel of De- 
% ᷑ -kP :: a er os _ clination 
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clination for that Day without any Tables or 


I Scales of the Sun's Declination. 


This may be done two Ways. The firſt 
Way is by confidering the Sun's Place in 
the Ecliptick, as April the 25" it is 46 De- 
grees from the Equinox Northward. There- 
fore in Figure XXIV. after you have drawn 

HZ O the Meridian, E C the Equator, ſet 
up 23 Degrees the Sun's greateſt Declina- 

tion from E to M; draw MC to repreſent 
the Ecliptick; then take 46 Degrees from a 
Line or Scale of Sines and ſet it from C the 
Equinoctial Point to K in the Ecliptick, 
through the Point K, draw D R parallel 
to E C the Equator. Thus DR repreſents 
the Sun's Path that Day, and ſhews the 

Declination to be ED or 161. 
Note, If you have ne'er a Scale of Sines 


at hand, then take the Chord or the Arch of 


46 Degrees, ſet it up in the Limb from 
I to G, ſet one Foot of the Compaſſes in 
G, and take the neareſt Diſtance to the 
: Link H O or Diameter, and that Extent is 
the Sine of 46. 5 
The other Way of drawing a Parallel 
of Declination, is by ſeeking what 1s 
the Meridian Altitude for the 25th of 
April, and you will find it to be 55 De- 
grees. Set up therefore the Arch of 55 
from H to D; and from the Point D 
draw D R a Parallel ro E C, which 
N4 ſhe ws 
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ſhews the Declination and Sun's Path as 
before. 

Thus though you have no Scales or Tables 
of the Sun's Declination at hand, you ſee it 
is poſſible to find the Hour and Azimuth, 
and many other Aſtronomical Problems by 
the Analemma for any Day in the Year, 
But this Method which I propoſed of per- 
forming them by finding the Sur's Place in 
the Ecliptic by any ſhort general Scale or 

Table, 1s liable to the Miſtake of near Halt 
a Degree ſometimes. 

Obſerve here, if you have by any Means 
obtain'd and drawn the Sun's Path, (viz.) 
DR for any given Bay, you may find both | 
the Sun's Place in the Ecliptick and its Right 
Aſcenſion by drawing C M the Ecliptick, 

For then CK will be the Sine of the Sur's 
Place or Longitude to the common Radius 
CM: And 6K will be the Sine of the Sun's 
Diſtance on the Equator from the neareſt 
Equinoctial Point, but the Radius is 6 D: 
From hence you may caſily compute its 
Right Aſcenſion. 

Note, Though the little Schemes and 

Diagrams which belong to this Book are 
jufficient for a Demonſtration of the Truth 
and Reaſon of theſe Operations, yet if you 
have occaſion to perform them in order 
to find the Hour or Azimuth with great 
Exactneſs, you muſt have a large flat Board, 


Ot 
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or very ſtiff Paſtboard with white Paper 
paſted on it, that you may draw a Semi- 
circle upon it of ꝙ or 10, or rather 12 Inches 
Radius; and the Lines lk not be drawn 
with Ink, nor with a Pencil; for they can- 
not be drawn fine enough: But draw them 
only with the Point of the Compaſs; and 
you muſt obſerve every Part of the Opera- 
tion with the greateſt Accuracy, and take 
the Sun's Place or Declination out of good 
Tables: For a little Error in ſome Places 
will make a foul and large Miſte be in the 
final Anſwer to the Problem. DEE 
| Yer if the Sun be within ſeven or eight 
Days of either ſide of either Solſtice, you 
may make the Tropic of Cancer or Capricorn 
| ſerve for the Path of the Sun without any 
ſenſible Error; for in 16 Days together at 

the Solſtices its Declination does not alter 
above 12 or 15 Minutes: But near the 
Equinox you muſt be very exact; for the 
Declination alters greatly every Day at chat 
Time of the Vear. 

There might be alſo various Geographical 
Practices or Problems that relacs to the 
Earthly Globe performed by the Aſſiſtance 
of the Analemma, and ſeveral other Afiro- 
nomical Problems relating to the Sun and 
to the fix'd Stars; bur ſome of them are 
more troublefoine to perform; and what [I 
have already written on this Subject 1 is a- 

bundantly 
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bundantly ſufficient to give the Learner an 

Acquaintance with the Nature and Reaſon 
of theſe Lines, and the Operations that are 

performed by them. And for my own Part 

1 muſt confeſs, there is nothing has contri- 

buted toeſtabliſhall the Ideas of the Doctrine 

of the Sphere in my Mind more than a per- 
: ect Acquaintance with the Analemma. 


— 
— np nate PD \ 
— 1 * 8 


— 


4-0 


- — a ov os > 


Problem XXII. How to draw a Meridiaz 
Line, or a Line direfly pointing to North 
and South on a Horizontal Plane by the Alti- 
tude or Azimuth of the Sun being given. = 
At the ſame Time while one Perſon takes 
the Altitude of the Sun in order to find the 
Azimuth from Noon by it, let another hold 
up a Thread and Plummer in the San- 
beams and mark any two diſtant Points in 
the Shadow as AB, Figure XXVI. and 
then draw the Line AB: Suppoſe the 

Azimuth at that Moment be found to be 
35 Degrees, draw the Line AE at the An- 
ole of 35 Degrees from AB, and that will 

de a true Meridian Line. 
Fou mult obſerve to ſet off the Angle GN 
the proper fide of the Line of Shadow Eaſt- 
ward or W eſtward, according as you make 
your Obſervation in the Morning or in che 

Afternoon. 

Note, Where you uſe a Thread aud | 
| Plummet, remember that the larger and 


heavier 
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| heavier your Plummer is, the ſteadier will 
your Shadow be, and you will draw it with 

greater Eaſe and Exactneſs. 

In this and the following Operations to 
draw a Meridian Line, you muſt be ſure that 
your Plane be truly Level and Horizontal 
or elſe your Performances will not be true. 


Problem XXIII. Todraw a Meridian Line 
01 a Horizontal Planeby a perpendicular Style, 
Note, That when 4 ſpeak of a perpendi- 
cular Style, I mean either of thoſe three ſorts 
of Styles before mentioned in Problem J. 
Covig.) A ſtrait Needle ſtuck into the Board 
perpendicularly, as Figure XV. A ſtrait or 
crooked Wyre ſtuck in floping at random with 
- perpendicular Point found under the tip 
of it, as Figure XVI; or the Braſs Priſm, 


as Figure XVII. For what 1 call a perpen- 


dicular Style may be apply'd and aſcribed to 
either of theſe, 
Make ſeveral paralle] Circles or Arches, 
as Figure XXVII: In the Centre of them . 
fix your perpendicular Style NC. Mark in 
the Morning what Point in any Circle the 
End of the Shadow touches, as A. In the 
Afternoon mark where the End of the Sha- 
dow touches the ſame Circle, as O: Di- 

vide the Arch AO juſt in halves by a Line 
drawn from the Centre, and that Line C 
M will be a true Mer1dian Line, 
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The Reaſon of this Practice is derived 


hence, (via.) that the Sun's Altitude in the 
Afternoon 18 equal to the Sun's Altitude in 


the Morning when it caſts a Shadow of the 
lame Length: And at thoſe two Moments it 


is equally diſtant from the Point of Noon or 


the South, which is its higheſt Altitude: 
therefore a Line drawn exactly in the Middle 


between theſe two Points of Shadow muſt 


be a Meridian Line or Point to the North 
and South, 


ThisProblem may be performed by fixing 


your perpendicular Style firſt, and obſerving 
the Shadow A before you make the Circles, 


(eſpecially if you uſe the Braſs Priſm, or 


dhe ſloping Style with the perpendicular 
Point under it) then ſet one Foot of your 
Compaſſes in the perpendicular Point C, 


extend the other to A, and ſo make the 
Circle. 

If you uſe the priſu for a style, you may 
mark a Line or Angle at the Foot of it 


where you firſt fix it, and place it right a- 


gain, though you move it never ſo often. 

It is very convenient to mark three or 
four Points of Shadow in the Morning, 
and accordingly draw three or four Arches 


or Circles, leſt the Sun ſhould not happen 


to ſhine, or you ſhould not happen to at- 


tend juſt at that Moment in the Afternoon 
when the Shadow touches that Circle on 


which 
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which you marked your firſt Point of Sha- 
dow in the Morning. 
If you would be very exact in this Ope- 

BF: you ſhould tarry till the Sun be gone 
one Minute further Weſtward in the After- 
noon, 7, e. till one Minute after the Shadow 
touches the ſame Circle, and then mark the 
Shadow; becauſe the Sun in ſix Hours Time 
(which is one Quarter of a Day) is gone 

Eaſtward on the Ecliptick in his Annual 
_ Courſe one Minute of Time, which is 15 


Minutes (or one Quarter) of a Degree. 


Problem XXIV. To draw a Meridian 
Line on a Horizontal Plane by a Style 9 
Needle jet up at random. 
Another Method near a-kin to the "IEPA 
1s this: Set up a Needle or ſharp-pointed 
Style at random, as N D, in Fig. XXVIII. 
Fix it very faſt in the Board, and oblerve a 
Point of Shadow in the Morning as A. 
Then with a Pin ſtuck on the tip of the 
Style N (without moving the Style) draw 
the Arch ASO: Mark the Point of Shadow 
O, in the Afternoon when it touches that 
Arch (or rather when it is one Minute paſt 
it.) Then draw the Line AO and biffect 
it, or cut it in halves by a perpendicular 
Line ME, which is a true Meridian. 

Notre, In this Method you have no 
Trouble of fixing a Style perpendicular, 


nor 
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nor finding the Point directly under it for a 


Centre. But in this Method as well as in 


the former it is good to mark three or four 
Points of Shadow in the Morning, and 
draw Arches or Circles at them all for the 


ſame Reaſon as before. 
Obſerve here, That in theſe Methods of 
drawing a Meridian Line by the Shadow of 


the tip of a Style, I think it is beſt generally 
to make your Obſervations between eight 


and ten a Clock in the Morning, and be- 
tween two and four in the Afternoon, In- 
deed in the three Summer Months May, 


June and July, you may perhaps make pretty 
good Obſervations an Hour earlier in the 


Morning, and later in the Afternoon; but 


at no time of the Year ſhould you do it 


within an Hour of Noon, nor when theSun 


is near the Horizon; for near Noon the 
Altitude of the Sun or the Length of Sha- 


dow varies exceeding little; and when the 


Sun 1s near the Horizon, the Point and 


 Boundsof the Shadow are not full and ſtrong 


and diſtinct, nor can it be marked exactly. 
Therefore if in the three Winter Months, 
November, December or January, you make 
your Obſervation, you ſhould then do it half 
an Hour before or after ten a Clock in the 


Morning, and ſo much before or after two 


1n the Afternoon ; for otherwiſe the Sun 


will be eicher too near Noon, or too near 
the Horizon. But 
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But in general it may be adviſed that the 


E summer half Year is far the beſt for Obſer- 


vation of Shadows in order to any Opera- 


. tions of this Kind. 


Problem XXV. To draw a Meridian Line 
on an Equinoctial Day. 
On an Equincctial Day or very near it, 
as the 8˙, 9˙, or 10 of March; or the 
11˙ 12, or 13" of September, you may 
make a pretty true Meridian Line very eaſily 
thus by Figure XXIX. . 
Mlark any two Points of Shadow as AB 
from a Needle CD ſer up at random, (no 
matter whether it be either upright or 
ſtrait.) Let thoſe two Shadows be at leaſt 
at the Diſtance of three or four Hours from 
each other, and it is beſt they ſhould be ob- 


| ſerved one in the Morning and the other a- 


bout the ſame Diſtance from 12 in the After 
noon; and then draw the Line AB which 
repreſents the Equinoctial Line and is the 
Path of the Sun that Day: Croſs it any 
where at right Angles, and MN, or OP, 
are Meridian Lines. 
Note, Tis beſt to mark (renal Shadows 
that Day, as &, S, S, and draw a right Line 
As S by thoſe which lie neareſt in a right | 
Line, that you may be the more exact, 


Problem XXVI. To 3 a Meridian Lin 
by Point of a Shad9w at Nov. 
It 
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If you have an exact Dial to whoſe Truth 
you can truſt, or a good Watch or Clock 
ſer exactly true by the Sun that Morning, 
then watch the Moment of 12 a Clock or 
Noon, and hold up a Thread and Plummer 
againſt the Sun, and mark the Line of Sha- 
dow on a Horizontal Plane and that will be 
a true Meridian Line. 
Or you may mark the Point or Edge of 
Shadow by any thing that ſtands truly per- 
pendicular at the Moment of 12 a Clock, 
and draw a Meridian Line by it. 


Problem XXVII. To draw a Meridian 
| Line by a Horizontal Dial. 

If you have a Horizontal Dial which 13 

not faſtened, and if it be made very true, 
then find the exact Hour and Minute by a 
Quadrant, or any other Dial, Sc. at any 
time of the Day, Morning or Afternoon; 
ſet the Horizontal Dial in the Place you de- 
fign, to the true Hour and Minute; and the 
Hour Line of 12 will direct you to draw a 
Meridian. 
Or if your Dial be ſquare, or have any 
ſide exactly parallel to the Hour Line of 12, 
you may draw your Meridian Line by that 
Side or Edge of the Dial. 


Problem XXVIn. How to transfer a 
Meridian Line from one Place to another. 
oy There 
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There are ſeveral Ways of doing this. 
II Way. If it be on the fame Plane, make 

a parallel Line to it, and thatis a true Me- 

„ 

II“ Way If it be required on a different 

Plane, fer ſome good Horizontal Dial to the 

true Hour and Minute by your Meridian 

Line on the firſt Plane, then remove it and 

ſet it to the ſame Minute on the ſecond 

Plane, and by the 12 a Clock Line mark | 


| your new Meridian. 


Note, If the Sides or Edges of your Ho- 
 rizontal Dial are cut truly parallel to the 12 
a Clock Line, you may draw a Meridian 
by them as before. 
III. Way. Hold up a Thread and Plum- 
met in the Sun, or ſer up a perpendicular 
Style near your Meridian Line any time of 
the Day, and mark what Angle the Line 
of Shadow makes with that Meridian Line 


on your firſt Plane; then at the fame Mo- 


ment, as near as poſſible, project a Line of 
; Shadow by the Thread, or another perpen- 
dicular Scyle on the new Plane, and ſet off 
the ſame Angle from it which wil be a true 
Meridian. 
Note, Two Perſons may perform this 
better chan one. 


Problem XXIX. How to draw a Line of 
Eaſt and Welt on a Horizontal Plane, 
TG 9 Where 
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Where a Meridian Line can be drawn, 
make a Meridian Line firſt, and then croſg 
it at right Angles, which will be a true Line 

of Eat and Weſt. _ 

But there are ſome Windows in a | Houſe 
on which the Sun cannot ſhine at Noon; 
in ſuch a Caſe you may draw a Line of Eaff 
and Weſt ſeveral Ways. 

It Way. You may uſe the ſame Practice 
which Problem XXII. directs, with this 
Difference, (viz.) inſtead of ſeeking the 
Sun's Azimuth from the South, ſeek its AS i- 
 muth from Eaſt and Weft, and by a Line of 
Shadow from a Thread and Plummer marked 
at the ſame time, ſer off the Angle of the 

Sun's Azimuth from the E aſt in the Morning, 
or the Weſt in the Afternoon. A common 
Obſervation of the Courſe of the Sun will 
- ſufficiently inform you on which fide of the 

Line of Shadow to ſet your Angle. 

II. Fay. You may uſe the ſecond Method 
of transterring a Meridian Line by a Hori- 
Azontal Dial with this Difference, (viz in- 
ſtead of uſing the 12 4 Clock Hour Line, by 

which a Meridian was to be drawn, uſe the 

6 A Cloc Line, which will be Eaſt and Weſt; 
tor in a Horizontal Dial it ſtands always at 
right Angles with the Meridian. 

III. Vay. The third Method of ROI; 
ring a Meridian Line will ſerve here allo ; 
bur with this Difference, (VIZ, ) ſet off the 
Comple- 
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Complement of the Angle which the Line of 


Shadow makes with your Meridian Line on 
the firſt Plane, inſtead of ſetting off the 


| fame Angle, and obſerve allo to ſet it off on ; 


| Line. 


the contrary fide, that ſo it might make a 
right Angle with a Meridian Line if that 
could have come on the Plane, 


Problam XXX. How fo uſe 4 Meridian 
| T he various Ules of a Meridian Line are 
EE 5 A Meridian Lins 1s neceſſary in 


order to draw an Horizontal Diai on the 


' ſame Plane, or to fix an Horizontal Dial 


true if it be made before. 

11* Uſe. A braſs Horizontal Dial may be 

removed from one Place to another in ſeveral 

Rooms of the ſame Houle ; and ſhew the 
Hour whereſoever the Sun comes, if either 

a Meridian Line or Line of Eaſt and Weſt 
be drawn in every Window, by which to 
ſet an Horizontal Dial true. 

HI" Uſe. By a Thread and Plummer, or 

any perpendicular Pin, or Poſt caſting a 2 

Shadow preciſely along the Meridian Line, 

we find the Hour of 12, or the Point of 


Noon, and may ſet a Watch or Clock ex- 


actly true any Day in the Year, if we have 
no Dial at hand, 


5 3 Ty: 
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Tv" Uje. 'Tis neceſſary alſo to have ſome 

Meridian Line in order to find how a Houſe 
or Wall ftands with regard to the four 
Quarters of the Heavens, Taft, Welt, North 
or South, which is called the Bearing of a_ 
Houſe or Wall, that we may determine what 
ſort of upright Dials may be fixed there, 
or what fort of Fruit Trees may be planted, 
or which Part of a Houſe or Garden is 
moſt expoſed to the Sun, cr to the ſharp 
Winds: 

V U/e. By obſerving the Motion of the 
Clouds, or the Smoke, or a Vane or Wea- 
ther- Cock, you cannot determine which 

Way the Wind blows, but by comparing 
it with a Meridian Line, or with a Line ot 
Eaſt and Weſt. > 
When once you have got a true Meridian 

Line, and know which is the South, then 
the oppoſite Point muſt be North; and 
when your Face is to the North, che mY 
is at your Righr Hand, and the Weſt a 
your Left. 

VI" Uſe. A Meridian Line will ſhew the 
Azimuth of the Sun at any time by holding 
up a Thread and Plummer in the Sun and 

_ obſerving where the Line of Shadow croſſes 
it. Or the ſharp ſmooth Edge of an up— 
right Style or Poſt will caſt a Shadow a- 


croſs a Meridian Line, and ſhew the Sun's 
Azimuth, 
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VII Uſe, If you have a Meridian Line 


on a Horizontal Plane, you may draw a Cir- 


cle on that as a Diameter, and divide it into 
360 Degrees : Then ſer up a fix'd or move- 
able perpendicular Style, and it will ſhew _ 


the Azimuth of the Sun ar all Hours. 


VIII Uſe. A perpendicular Style on a 
Meridian Line will ſhew the Sun's Meridian 
Altitude by the tip of the 'Shadow ac- 
| ng to Problem Il. And thereby you 
may find the Latitude of any Place by 
Problem . 
e If you have a | broad ſmooth 
Board with a Foot behind at the Bottom, 
to make it ſtand, ſuch as is deſcribed in 
Prob. XXIII. of che XIX Sec. and if it be 
made to ſtand perpendicular on a Horizon- 
tal Plane by a Line and Plummet in the 
middle of it, you may ſet the Bottom or 
lower Edge of chis Board in the Meridian 
Line, and by your Eye fix d at the Edge of 
che Board and projected along the fac de, 
you may determine at Night, what Stars 
are on the Meridian; and then by the Globe 
(as in Problem XX X111. and XXXIV. Sed. 
XIX.) or by an Inſtrument called a Nogur- 
nal you may find the Hour of the Night, or 
by an eaſy Calculation as in the XXXIII. 
Problem of chis XX" Section. 


Problem XXXI. How t9 know the 2 
Stars, and to 0 fina the North Pole. 
93 1 
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If you know any one Star you may find 


out all the reſt by conſidering firſt ſome of 


the neareſt Stars that lie round it, whether 


they make a Triangle or a Nuadrangle, trait 


Lines or Curves, right Angles or oblique An- 
gles wich the known Star, This is eaſily 


done by comparing the Stars on the Globe 


(being rectified to the Hour of the Night) 
with the preſent Face of the Heavens, and 


the Situations of the Stars there, as in 


Problem XX XII. Sect. XIX. 
And indeed 'tis by this Method that we 


not only learn to know the Stars, but even 
[ore Points in the Heavens where no Star 


J would inſtance only in the North 


| Pole, which is eaſily found, if you firſt learn 1 5 
to know thoſe ſeven Stars Which are called 


| Charless Wain, ſee Figure XXX, four of 
which in a Quadrangle may repreſent a Cart 


or Waggon, b, r, c d, and the three others ; 


_ repreſenting the Horſes, 

_  Neoteallo that the Star à is called Alroth, 
A is called Dubbe, b and r are called the two 
Guards or Pointers, for they point directly 


in a ſtrait Line to the North Pole p, which 


nov is near 22 Degrees diſtant from the Star 
5, Which is called the North Pole Star. 


Lou may find the North Pole alſo by the 
Star Aliotb, from which a ſtrait Line drawn 
o [the Pole Star 5 goes through the Pole 
” oint p, and leaves ir at 24 Degrees Diſtance | 


from the Pole Star, 


vou 


e 


FF. Ab. 46: te 
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Vou may find it alſo by the little Star u, 


which is the neareſt Star to the Pole Stars; 
for a Line drawn from 7 to s is the Hypo- 


 renuſe of a Right-angled Triangle, whoſe 


* right Angle is in the Pole Point p. 


Problem XXVXII. To find the Latitude by 
any Star that is on the North Meridian, 
It has been already ſhewn in the X*" Pro- 


blem of this Section how to find the Lati- 


tude of a Place by the Meridian Altitude of 


a Star on the South Meridian; but the Me- 


thods of Performance on the North Meri- 
dian are different. 


The jirſ# Way is this. Take the Akieads 
of it when it is upon the North Meridian 
at 5 or 6 or 7a Clock in the Winter, then 


12 Hours afterwards take its Altitude again, 


for it will be on the Meridian on t'other 


ide of the Pole; ſubſtract half the Diffe- 


rence of thoſe two Altitudes from the great- 
eſt Altitude, and the Remainder 1s the true 


Elevation of the Pole, or Latitude of the 
Place. 


Pole; then take the Height of che Pole Star, 


and out of it ſubſtract 24 Degrees (which is 


the Diſtance of the Pole Star from the Pole) 
the Remainder will be the true Elevation of 


the Pole, or the Latitude. The Reaſon of 


| thus Operation | is evident by the XXX Fi- 
TS 3 
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gure, for Alioth is on the Meridian under 


the Pole juſt when the Pole Star is on the 
Meridian above the Pole. 


| Note, The Pole Star is upon the Meri- 
dian above the Pole juſt at 12 a Clock at 
Night on the 4 Day of May, and under 
the Meridian on the 5** Day of November : 

Fifteen Days after that it will be vpon the 
Meridian at 11 a Clock: Thirty Days after 


at 10 a Clock: So that every Month it differs 


about two Hours. 


Problem XXXII. To find the Howe: of 


the Night by the Stars whICh are on the 
Meridian. 


If you have a Meridian Line 1 and 
ſuch a Board as 1 have deſcribed under the 
9 Uſe of the Meridian Line, you may ex- 


actly find when a Star is on the Meridian; 
and if you are well acquainted with the 


Stars, whereſoever you tet up that Board 
upright on a Meridian Line, you will ſee 


what Star is on the Meridian. Suppoſe 


 Aldebaran or the Bulls Eye on the 20 of 
January is on the South Part of the Meri- 


dian; then in ſome Tables find the Sun's 
and that Star's Right Aſcenſion, add the 
Complement of the Right Aſcenſion of the 


Sun for that Day (viz.) 3 Hours 6 Minutes 
tothe Right Aſcenſion of the Star 4 Hours 


17 Minutes, and it makes 7 Hours 23 Mi- 


nutes the true Hour of the Afternoon. 


N te, 
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Note, If the Star be on the North Part 
of the Meridian, or below the North Pole, 
tis juſt the ſame Practice as on the South : 
for when any Star is on the Meridian, the 


Difference between the Sun's R. A. and that 


Star's R. A. is the Sun's true Hour, 1. e. its 
Diſtance from 12 a Clock at Noon or Mid- 


night, at which Time the Sun is on the 


Meridian either South or North. e 
If you have no Meridian Line drawn you 


5 may find within two or three Degrees what 


Stars are on the North Meridian thus; Hold 


up a String and Plummer and project it with 
your Eye over-right the Pole Star, or rather 
the Pole Point, and obſerve what other Stars 
are covered by it or cloſe to it, for theſe are 


on or near the Meridian. 


Or it may be done with very lictle erer 5 
by ſtanding upright and looking ſtrait for- 


ward to the Pole Star, with a Stick, or Staff 
between your Hands, then raiſe up the Staff 


as ſtrait as you can over- right the Pole, 


and obſerve what Stars it covers in chat 
Motion. 


But theſe Methods are as; and ety 
ſerve for vulgar Purpoſes. 


Problem XXXIV. To find at wet Hour 


of any Day a known Star 15 1006 come upon the 
Meridian. 


Subſtract the Right Aſcenſion of the Sun 
for that Day from che Right Aſcenſion of 
| the 
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the Star, the Remainder ſhews how many 


Hours after Noon the Star will be on the 
Meridian. Suppoſe I would know at what 


Hour the Great Bear's Guards or Pointer: 


will be on the Meridian on the 16. of April; 


(for they come always to the Meridian nearly 


both at once.) The Right Aſcenſion of the 
Sun that Day is about two Hours 14 Mi- 
nutes. The Right Aſcenſion of thoſe Stars 
is always ten Hours 24 Minutes. Subſtract 
the Sun's R. A. from the Star's R. A. the 
Remainder is 10 Minutes paſt eight a Clock 


ar Night, and at that Time will the DIES 


be on the Meridian, 
Right Aſcen. of e 3 10 "us . 
Right Aſcen. of Sun yur 16˙ 5 is — 2 14. : 


n.. 


Time of Night —_ 7 10 


= Nore, If che Sun's Right Aſcenſion be 
greater chan the Right Aſcenſion of the Star, 
vou muſt add 24 Hours to the Star's Right 


Aſcenſion, and then ſubſtract as before. 
You may eaſily find alſo what Day any 


Star (ſuppole either of the Poznters) will be 


on the Meridian juſt when the Sun is there, 

| (viz) at 12 a Clock. Find in the Tables 
of the Right Aſcenfion of the Sun whar 
Day that is wherein the Sun's Right Aſcen- 


fion is the ſame (or very near the ſame) with 


that Star's, which is the 17" of Auguſt. The 


Sun's 
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Sun's Right Aſcenſion is 10 Hours 25 Mi- 
nutes, then the Sun and Star are both on 
the Noon Meridian at the ſame time. But 
the Sun's Right Aſc-nfion on the 12th of 
February is 22 Hours 25 Minutes. There- 
fore the Sun at that time is in the Noon 
Meridian when the Star is in the Midnight 
Meridian, there being juſt 12 Hours Ditte- 
rence. 
Thence you may reckon when the Star 
will be on the Meridian at any Time; for 
about 15 Days after it will be on the Meri- 


dian at 11 a Clock, 30 Days after at 10 a 
Clock. So that every Month it differs about | 
two Hours; whence it comes to paſs that in my 
12 Months its Difference ariſing to 24 Hours 1 | 
it comes to be on the Meridian again at the 1 
fame Time with the Sun. | W [fl 

Problem XXXV. Having the Altitude of 5 1 
any Star given to find the Four: 3 Þ h | 
To perform this Problem you ſhould | 1 
never ſeek the Altitude of the Star when it 19 0 

is within an Hour or two of the Meridian, * 
becauſe at that Time the Altitude varies ſo N. 
very little. When you have gotten the l 
Altitude, then ſeek what is the Star's Hour, _ 

that is, its Equarorial Diſtance * from the = | 
Meridian at that Altitude, which may be Pl 

he Sum er Star's Horizontal Diſtance from the Maamlian 1 

is the Azimuth : It is the Equatorial Diſtance from the Me- 1 i 
ridian which is calbd the Sun « or Star's Hour. Wl [ | 

dons ui 
wi 
4187 
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done ve the Globe, or any Quadrant, or by 
the Analemma, juſt as you would ſeek the 


Sun's Hour if its Altitude were given: Af- 


ter this, ſeek the Difference between the 


© Sun's Right Aſcenſion for that Day and the 
Star's Right Aſcenſion, and by comparing 
this Difference with the Star's Hour you will 


find the true Hour of the Night. 


Note, This Method of Operation though 
it be true in Theory, yet'tis tedious and very 


troubleſome in Practice. The moſt uſual 
Ways therefore of finding the Hour of the 
Night by the Stars (whether they are on the 
Meridian or not) is by making uſe of a large 
Globe, or the Inſtrument called a Nocturnal, 


wherein the moſt remarkable Stars are fixed 
in their proper Degrees of Declination and 
RightAſcenfion : And their Relation to the 
Sun's Place in the Ecliptick and to his Right 
Aſcenſion every Day in the Year being ſo 


obvious makes the Operation of finding the 
true Hour very eaſy and Pleaſant. 


SE C T. XXI. 
T EO of the Sun's Declination, and of tbe 


Declination and Right Aſcenſion of ſeveral 


remarkable fixed Stars, together with ſome 
Account how they are to be uſed. 


H E Reſolution of ſome of the Aſtro- 
nomical Problems by Geometrical Ope- 


rations on che Analemma requires the Know- 


ledge 


B „ 
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ledge of the true Place of the Sun, his 
Right Aſcenſion, or his Declination at any 
given Day of the Vear. But ſince the Know- 


ledge of his Declination is of moſt eaſy and 


convenient Uſe herein, and ſince his true 
Place in the Ecliptick as well as his Right 
Aſcenſion may be nearly found Geometri- 


cally when his Declination is given, (ex- 


_ cept when near the Solſtices) I have not 
been at the Pains to draw out particular 


Tables of the Sms Place, but contented _ 


my ſelf with Tables of Declination for every 
Day in the Year, and Tables of Right A, 
cenſion for every tenth Day. Theſe are 


| ſufficient for a young Learner's Practice in 


his firſt Rudiments of Aſtronomy. Thoſe 


who make a further Progreſs in this Science 
and would attain greater Exactneſs, muſt 


ſeek more particular Tables relating to the 
Sun in other larger Treatiſes. 

Here let theſe few I hings be obſerved. 

I. Theſe Tables ſhew the Declination of 
che Sun each Day at Noon ; for 'tis chen 
that the Aftronomer's Day begins. If you 
would therefore know the Sun's Declina- 


tion, ſuppoſe ar fx a Clock in the Morning 


of any given Day, you muſt compare the 


Declination for that Day with the Sun's 
Declination the forego:ng Day, and make a 
proportionable Allowance, (big.) three 
tourth Parts of the Difference of thoſe 

wo 


— A 


— — 


— — 
Ca 


— — 


r 
— peo 


—— 


— — + 88 * — 
- > dares > > uae - - 4 
= : — — So — + 
3 Mg 2 
——  —— 2 ne ers 2 ra,” * 
5 7 —_— —r:. a Se eee nr —— . © - - 
— os 
Dy 
* 2 


* 


AMIE 
_—_—_— 
— 


208 The firſt Principles of Sect. 21. 


two Declinations. If at fx in the After- 
NOON, you muſt compare it with the follow- 


ing Day, and allow in the ſame manner one 


fourth Part. 


II. Theſe Tables are fitted for the Me- 


ridian of London. If you would know 


therefore the Sun's Declination the ſame _ 
Day at Noon at Port. Royal in Jamaica, 
you muſt conſider the Difference of Longi- 
tude. Now that Place being about 75 De- 


grees Meſtward from London, chat is, five 
Hours later in Time, 'tis but ſeven a Clock 


in the Morning there when 'tis Noon at 
London: And you muſt make a proporti- 
onable Allowance for the Difference of 
the Sun's Declination by comparing it with 
that of the foregoing Day, If that Place 
had the ſame Longitude Eaftward from 


London, it would be five a Clock in the 


Afternoon there; and then you muſt com- 


pare the Sun's preſent Declination with that 


of the Day following, and make Allowance | 
of the 
Difference of the two Declinations. Bur if 
255 would know the Sun's Declination at 


for the five Hours, 2. e. almoſt + 4 


any Place and at any Hour of the Day ar 


that Place; find what Hour 'tis at London 
at the given Hour at that Place, and find 


the Declination of the Sun for that Hour at 
London by Note the firſt. 


Note, 


Set. 21. Geography and Aſtronomy, 20g 
Note, Theſe Allowances muſt be added 
or fubſtr acted according as the Sun's Decli- 
nation is increaing or decreaſing. 
Yet in any 6i theſe Geometrical Opera- 
tions the Difference of the Sun's Declina- 
tion at other Hours of the Day or at other 
Places of the World is ſo exceeding ſmall 
that it is not ſufficient to make any remark- 
able Alterations, except when the Sun is 
near the Equinoxes; and then there may be 
ſome Allowances made for it in the manner 
I have deſcribed; nor even then is there any 
need of any ſuch Allowances except in Places 
which differ from London near 5 or 6 Hours | 
in Longitude. 
III. Let it be noted allo, chat as the Place 
of the Sun, 10 conſequently his Declination 
and Right Aſcenſion tor every Day do vary 
ſomething every Vear by Reaſon of the odd ve 
Hours and forty nine Minutes over and above 
365 Days, of which the Solar Year conſiſts. 
Therefore it was proper torepreſent the Sun's 
| Declination every Day for four Years toge- 
ther, (v:2.) the three Years before Leap- Near 
and the Leap- Near ittelf. For in the Circuit 
of thoſe four Years the Sun returns very 
nearly to the ſame Declination again on the 
ſame Day of che Year, becauſe thoſe odd five 
Hours and 49 Minutes do in four Years time 
make up 24 Hours, or a whole Day (want- 
ing but four times eleven, 7. 44 Minutes;) 
Which 
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which Day is ſuper-added to the Leap-Year 


and makes the 29 of February, as hath 
been ſaid before. 


It is true that in a Sante Length 
of Time theſe Tables will want further Cor- 


rection, becauſe of thoſe 44 Minutes which 


are really wanting to make up. the ſuper- 


added Day in the Leap-Year. But theſe 


Tables will ſerve ſufficiently for any com- 
mon Operations for forty or fifty Vears to 
come, provided you always conſult that Ta- 
ble which is applicable to the current Vear, 
whether it be a Leap- Near, or the firſt, the 
ſecond or the third Year after it. 

Iv. Obſerve alſo theſe Tables of the Sun's 


Declination are ſometimes reduced (as it 


were) to one /ingle Scale, And for this Pur- 


poſe Men generally chooſe the Table of De- 
clination for the Second after Leap-Zear, and 
this is called the Mean Declination, r 18, 


the Middle between the two Leap-Years. 
This is that Account of the Sun's Place and 
Declination, &c. which is made to be repre- 
ſented on all Mathematical Inſtruments,(viz) 
Globles, Quadrants, Projectious of the Sphere, 


and graduated Scales, &c. and this ſerves for 
ſuchcommon Geometrical Practices in Aſtro- 


nomy without any very remarkable Error. 


Concerning the Table of the fixed Stars, 


let it be e that they move flowly 


round the Globe Eaſtward in Circles pa- 


ral! e 


* 
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rallel to the Ecliptick, and therefore they 


increaſe their Longitude 50 Seconds of a 
Minute every Vear, that is, one Degree in 


ſeventy two Vears. But their Latitude ne- 


ver alters, becauſe they always keep at the 


ſame Diſtance from the Ecliptick. 


Let it be noted alſo, that this flow 
Motion of the fixed Stars cauſes their 


Declination and their Right Aſcenſion to vary 


(though very little) ey Va: Their Right 
Aſcenſion neceſſarily changes becauſe their 


Longitude changes, though not exactly in 


the ſame Quanticy. And though their La- 
titude never alters, becauſe Latitude is their 
Diſtance from the Eclzptick, yet their De- 


clination muſt alter a little, becauſe tis their 


Diſtance from the Equator. But the Tables 
of their Right Aſcenſion which I have here 
exhibited will ſerve for any common Prac- 
tices for at leaſt twenty Years to come, and 


their Declination for near 50 Years, without 


any ſenſible Error in ſuch Altronomicel 


Eſſays as theſe. 


It may be proper here to give Notice to 


| Learne rs, that the ſame Stars may have North 
Latitude and South Declination; ſuch are all 
| thoſe that lie between the Equator and the 
Southern half of the Eclipticł: But all thoſe 


Stars which lie between the Equator and the 
Northern half of the Ecliptick, have South 


Latitude and North Declination. 
TP A Table 
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being the Firſt after Leap- — * 588 Ave 
* near 50 A 
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A Table of the Sun's Declination for the Tear 1729, 
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A Table of the Sun's Declination for the Year 1725, 
being the Firſt after Leap-1 car, which will * 
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The firſt Principles of Sect. 2x 
A Table of the Sun's Declination for the Year 1726, 


being the Second after Leap-Vear, which will ſerve 
for near 50 Years. 
( S\ Janu. Febr. | Mar. | April May | June 16 
S385. 13 +S* NENT 
id. m. d. m.jd. m. d. m.}d. m. d. m. 
121 39 rz 41103 18008 4018 0823 100 1 
| 2|21 2913 2002 55 [o 02118 2323 14 24 
1321 1913 oo oz 3109 24118 3723 17 3 
4421 0812 4002 o7 fog 45118 52123 204 
5 20 5712 1901 44/10 0% 19 0623 23 5 
620 45 11 5801 2010 28119 1923 25 6 
7 20 3311 37100 56110 4919 33/23 26 7 
820 2011 1600 3311 1019 4623 27 84 
9 20 010 54/00 9 3019 5923 28| 9 
1019 5410 320 N. 1411 514120 1123 2810 
b — — — PRs 
1119 410/10 11000 3812 11/20 2323 2811 
11219 27 9 4901 01012 31 20 35 23 2812 
13119 12| 9 2701 25112 51020 4623 27134 
1418 58] 9 0401 48113 1720 57123 2614 
1518 43] 8 4202 1213 3021 0823 2415 
(16118 27] 8 1902 35 13 4921 18023 2216 
17118 11] 7 57102 5914 0821 2823 1917 
1817 55] 7 34103 2214 2721 3723 1618 
1917 39] 7 1103 4614 4621 47 23 1319 
2017 22] 6 48104 0915 4/21 55 23 09,20 
2117 05 6 25104 3215 22022 0423 0521 
122416 48] 6 O2 o4 55115 4022 12123 01022 
2316 31] 5 3905 1815 5722 1922 56023 
2415 13] 5 16]05 41/16 1522 2722 500244 
2515 55] 4 52196 0416 3222 34 22 4525 
2615 36] 4 2906 27 16 4822 40 22 38026 
27115 18] 4 0506 4917 05 [22 4622 3227 
2814 59 3 42107 1217 21022 5222 25 28 
29114 39 07 3417 37122 57 22 18129 
3014.20 07 56117 52123 0222 1030 
3114700 o8 18 23 061 „ 
— —— 0 2 
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A Table of the Sun's Declination for the Year 1 9 8 
being the Second after Leap Year, which will ſerve. 
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A Table of the Suns Declination * the Year 1727, 
being the Third after Leap 0 which wil ſerve 
for near 50 Years. A 


The ff F of Sea, 2 I. 


2 : . 8 
— 


— 


0 
8 


[ 0 © oOo OR w 


- 
— 


18S SAFS 
OD wn OO 


W WN DN 0d Dd 
WO owu< Ow > UW NN — 


O 


LEA 


; 12 Mar. 


d. m. d. 
13 45 


23 


O05 


45 


2 24 
03 
1 42 


21 


10 59 
: 10 39 ' 


10 16] 00 
9 54|( 

9 32 
9 10| 


May 


June 


N. N. 


„Ä 


a 


8 04 
18 19 
18 34 


18 48 


23 4 2 


— 


1 


23 09 
23 13 
23 17 
23 19 
$4.24 


23 24 


23 26 


23 27 
23 28 
23 28 


23 28 


23 28 


3327 
23 26 
23 25 
23 22 
23 20' 
23 17; 
23 14 


23 06 
23 02 
22 57 
2 52 
22 46 


——_— 


— f 
3 ON On Þ Ww tym 


pf i auf hed — oy 
CRECES EY 


Sect. 21. = Gagrap'y and Aſtronomy. 217 


Table of the Sun's Declination for the Year 1727, 
being the Third after Leap- 7 ar which —.— ſerve 
8 near 50 Tears. 
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Seck. 21. 
4 '7 able of the Sun's Declination for the Year 1728, 
being Leap- Tear, zobich will 8 for n near 50 


bY n 
* - 


Tears. 
O Janu. Febr. June | 8 
„„ N. I 
id d. m. jd. m. Id. „Id. m. 
121 4413 50 23 1211 
2121 3413 30 23 164 2 
321 24/13 10, 23 19] 3 
4121 13|12 50 23 211 41 
5 21 0212 29 123 2415 
1620 51012 08 23 251 6] 
eee 23 27171 
238120 2611 26 23 28] 8] 
9 20 14/11 05 23 28] 9]. 
10120 01110 43 23 29110 
11119 4710 21 23 28111 
1219 3309 59 23 26112 
13119 19199 37 52123 261131 
1419 O05 {09 15 3123 25 14 
1518 50/08 53 323 23115 
16118 35 [08 30 23 21116 
17118 1908 08 23 18117 
118118 03107 45 23 1518 
19117 47197 22 23 11119 
20117 3106 59 23 0720 
21117 1406 36 23 03121 
122116 5706 13 22 58122 
2316 3905 50 22 53123 
2416 21105 27 22 4724 
25116 03]o5 O4 22 41125 
2615 45104 40 22 35261 
2715 27104 17 22 28127 
28|15 08003 53 22 21128 
29114 49103 30 22 14429 
30114 30 5 22 06 30 
N 4 10 | £ 
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A Table of \the Sun's Declination for the Year 1728, 
being Leap-Year, which will ſerve for near 50 

mm —_ EE eds 5 
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d. m. d. m.] d. m. d. m. Id. m. d. m. 
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12 20 0211 208. 14|1i 35{20 29|23 2812 
13 19 5011 ooſoo 3711 5620 4223 26134 
1419 37 10 39]or 01/12 17/20 5323 25 141 
15 19 2410 18801 24412 3821 0523 2315 
19 1000 5701 48012 58021 16123 2016 
17 18 55109 3602 11/13 18021 2623 1717 
18 18 4209 1402 3513 38021 3623 1418 
19 18 2708 5302 5813 5821 4623 1019 
| [20|18.13108 31f03 2114 18|21 5523 05 20 


2117 5808 0903 45 [14 3722 04023 ©0, 21 
4221) 420 4704 0814 5622 1322 55 22 
2317 270 2504 3115 15/22 2122 49 23 
12417 11107 oz! a | 
25|16 54|06 41005 15 cles 36|22 362514 
26|16 38 06 1805 4116 10|22 42 22 292614 
27 16 2105 56;06 04 |16 27|22 4922 21] 27 
12816 04|05 23 7 5 | | 
29 15 47105 1006 49|17 02|23 0022 05299 
489125 39404. 47197 15117 ene 501.0] 
(31 18 1184 25 117 36j [21 4631 
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A Table of the Right Aſcenſion and Neclination of 
ſome of the moſt noted emong the fixed Stars for the 
Tear 17126, which will ſerve for near 26 Years 


adi Hout n Errors. 
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[ The Names 1 the — 
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| Scheder in Caſfiopes $ Breaſt 
{ The Bright Star of Aries — 
_ | Mandibula or Me»:ar rhe 7 
V hbale's Jaw ——— 
| Mgol in the Head of Meduſa 
_ | Aldebaran, the Bull's Eye 
Capella, the Goat-Star 
| Regel, the — Foot of 
rion 
 Orion's preceding Shot Shoulder 


— 


2 — 


_ | Laſt in Orion's Girdle 
tend s following Shoulder 
= ius, the Dog-Star —— 
aſtor's Head, 7 e. the 
Pe Twin—— * 
Procyon, or the little 
I Dog-Star — 
_ | Hydra's Heart — 
| Regulus, the Lion's Heart 
Deneb, the Lion's Tail 
Firſt 1n the great Bear's Tail 
Vindemiatriæx, Vugin's q 
North Wing ———— 
Virgin Spike — —— 
 Middlemotſti in the great 
Bear's Tail —— — c 
Laſt in the great Bear's Tail 
| Arfurus —— 
Southern Ballance 
Northern Cron — 
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* 1 2 
The Names of the Stars. 08 Right bel e| 
1 | _ | &]Aſcen. nation &@© 
d. m. dim. 
Avtares, the Scorpion Heart 1 243 10025 47 HE 
Er pentariusss Head 2 [260 3212 46 N 
Dragons Head 12 26) 3551 32 N 
Lucida Lyræ, in the Harp |: [276 5438 33 N 
Eagle or Vultur s Heart——| 1 294 1908 10[N 
1 — 3 [299 1701 3608 
Fomahant, the Southern | EIT” 
Fiſhes Mouth $ 25 34⁰ 343 ws 8 
Shear, i the flyin Horſe's LEES FR 
0 Shoulder eg. I [34% ** 35 IN 
Marchab, in the Grids 1 00 3 
| Horſe's Neck —— Wk — * 46 13 43 N 
| Andromeda's Head — 358 33 27 344N 
Age, in the flying) 
5 lorſe's Wing called as. 2 3 59 47 |13 39 N 
I — +1 ck 1 fn 


Note, In this Third Edition 1 * 3 


ery few Additions but what upon a re- 
How I faw neceſlary to explain my own 
Expreſſions : Except only in Prob. XX. of 
the XX S2#, where I have left out thoſe 


antiquated Rhimes by which it was im- 


poſſible to fix the Sun's Place with any Ex- 


actneſs: And inſtead of them have given a 
juſt and intelligible Account of the Sun's 
apparent Motion through the 12 Signs, with 
ſo unequal a Time of Continuance in each 
of them, together with a ſhort Table of the 
Days when the Sun enters into each Sign, 


pe here at the end of the Book ſome con- 
tracted Tables of che Sun's ** Aſcenſion. 
Tables 
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222 The firſt Principles, &c. Sect, 21, 
| Tables of the Sun's Right Aſtenſion for every 


tenth Day of the Years 27125, 1726, 1127, 1728, 


about four Minutes 


The Sun's Right Aſcenſion 
mediate Days may be nearly computed by allowi 1g 
of an Hour, i. e. one Degree 


for all the inter- 


bo 


*. # 7 * 
* : In [ 


4 


Jr every Day. _ 
V. 5. Jan. Febr. Lager April| May | June * 
Ih. mah. m. [h. m. h. m. h. m. h. m. 
149 351 423 30 1 23 3 16 5 22 
320 1922 23400 O 2 oo 3 56 6 03 
21121 0123 O1 43 2 8 4 37 6 45 
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